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NOMENCLATURE 

A 

Ah 
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'h 

C 

Cf 

B supplied 
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E 

F 

h 

h* 

hO 

H 

k 

K 

KFL 

KCONV 
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m 

M 

P 

Pr 

;b' 

6 cond 

Heat transfer area, including hole area (see Fig. 1.1). 

Hole cross-sectional area (see Fig. 1.1). 

Test section plate surface area. 

Blowing parameter, F/St(e =l). 

Specific heat, mainstream fluid. 

Skin friction coefficient, 'co = cf/2 PJJZ. 

Electrical power supplied to plate. 

Emissivity of plate to determine 4rad. 

Blowing fraction (A jet/N /(P&J . 

Heat transfer coefficient, iv'/ (To - &>, with wall mass flux 
(transpiration or film coolin$$ 

Heat transfer coefficient, ii/CT0 - Taw), with film cooling. 

Heat transfer coefficient, without wall mass flux. 

Velocity profile shape factor, 6p2. 

Thermal conductivity. 

Conductance between plate and cavity to determine {cond. 
. 

Conductance to determine Qflow. 

Conductance-area product to determine T2. 

Mass flow rate. 

Blowing parameter, (P2U2> /(P&J l 

Hole spacing, or pitch (see-Fig. 1.1). 

Prandtl number, pc/k. 

Wall heat flux, 6CoNV/Atot. 

Heat transferred from plate to cavity and adjacent plates to 
determine Q losses' 
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Gflow 
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Grad 
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Rex 

Re6 2 

ReA 2 
S 

St 

StO 

SCFM 

T 

Tg 
T+ 

T 
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U 

UT 

U+ 

X 

X 
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X 

Y 

Y+ 

Heat transferred from plate by convection to define Stanton 
number. 

Heat transferred from plate to secondary air flow. 

Heat transferred from plate other than by convection, Gcond + 

6 flow ' 'r-ad' 

Heat transferred from plate by radiation. 

Recovery factor, R,O.33 . 

x-Reynolds number, 'x-xv,> UJV - 

Momentum thickness Reynolds number, S,uJv. 

Enthalpy thickness Rey-olds number, A,U&. 

Conductance between adjacent plates to determine :cond. 

Stanton number, h/(o,cUoo), see Eqn. (2.1). 

Stanton number at M = 0. 

Injectant flow rate through one tube. 

Temperature. 

Temperature of secondary air delivered to test section. 

Non-dimensional temperature, (T-Tm) cf/2/C(To-T,)St} . 

Mainstream stagnation temperature, T, + ~rU~}/12gcJc~ . 

Velocity component, x-direction. 

Friction velocity, gc'olPo 3 determined by Clauser plot method. 

Non-dimensional velocity, U/UT. 

Distance along surface, measured from nozzle exit. 

Distance, nozzle exit to virtual origin of turbulent boundary layer. 

Non-dimensional distance, xup. 

Distance normal to surface. 

Non-dimensional distance, yup . 
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Greek Letters 

a 

B 

Hole axis angle, measured from surface in the flow direction. 

Hole axis angle, measured from surface in the spanwise direc- 
tion. 

6( 1 Uncertainty in ( ) 

6 Boundary layer thickness where U/U, = 0.99. 

A2 

Displacement thickness, ~-(l-fZ-)dY. 

Momentum thickness, /,"f-E(l-i?-)dY* 

Entnalpy thickness, Jorn ~(:o:=)dy- 

Adiabatic wall effectiveness, (Taw- T,)/(T2-Too). 

Temperature parameter, CT2 - Ta//(T 0 - TJ 

Dynamic viscosity. 

Kinematic viscosity. 

Density. 

Stefan-Boltzmann constant. 

Function in 8 = 1 data correlation, 

~St(U=l)/Sto)/{%n(l+Bh)/Bh). 
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SUMMARY 

An experimental study of heat transfer was conducted on a turbulent 

boundary layer with full-coverage film cooling through an array of holes 

inclined at 30" to the surface and 45" to the flow direction (compound- 

angle injection). Heat transfer coefficients, based on (twall-tstream), 

were measured over a range of injectant flows (M = 0 to M = 1.5) and 

Reynolds numbers (1.6 X lo5 5 Rex 2 2.5 x 106) at velocities between 

9.8 and 16.8 m/s. 

Compound-angle injection gives better thermal protection than in-line, 

slant-hole injection, but the beneficial effect is minimal in the first 

six rows of holes. For a value of M = 0.37 the heat transfer coefficient 

with compound-angle injection was the same as for the slant-angle injection 

after six rows, but was only one-half the slant-hole value after 11 rows. 

The data for compound-angle injection show the same general features 

as for slant-angle and normal injection. Within the blown region, Stanton 

number decreases rapidly, with the minimum at the last row of holes. Re- 

covery is rapid after the last row of holes, with the heat transfer return- 

ing to a conventional smooth-plate correlation. The data for M = 0.4 

show the lowest values of Stanton number. Pitch-to-diameter ratio of 10 

provides less thermal protection than 5, for the same value of M. 

Stanton numbers are defined using the difference between wall temper- 

ature and stream temperature as the potential difference. Data are pre- 

sented for injectant temperature equal to the wall temperature and 

injectant temperature equal to the stream temperature. Superposition can 

be used to predict the Stanton number for any intermediate temperature. 
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Chapter 1 

INTRODUCTION 

1.1 Background 

When high-temperature gases pass over a surface there may be exces- 

sive heat transfer to the surface, and it is of practical interest to 
investigate various methods of thermal protection. Full-coverage film 

cooling is one such method. Film cooling is accomplished by injecting 

gaseous coolant through holes in thesurface and into the boundary layer. 

The coolant, when distributed properly over the surface, acts as an 

effective heat sink and protects the surface from the high-temperature 

mainstream gases. 

One application for film cooling is in protecting the blades and 

valves of high-temperature gas turbine engines. In high-pressure gas tur- 

bine engines it is desirable to increase the turbine inlet temperature, 

since this improves the thermodynamic efficiency. This raises problems, 

however, in internal protection. Accurate heat transfer data are criti- 

cally important for the design of cooling systems. Esgar et al. [l] in- 

dicated that in the critical temperature range a reduction of about 20°F 

in the blade temperature could double the life of the blade. Cooling over 

the entire exterior of the surface may be accomplished either by transpi- 

ration (cooling using a porous blade surface) or by full-coverage film 

cooling through an array of small, discrete holes which cover the entire 

blade surface. Either method will allow a mainstream gas temperature well 

above that which would otherwise cause failure. Transpiration cooling 

appears to be impractical because of the low structural strength of the 

porous surface, and because of susceptibility to clogging of the pores by 

combustion products, especially during accidental engine backfires. Dis- 

crete-hole, full-coverage film cooling seems more practical, at the pres- 

ent stage of development. 

The work reported herein is an experimental study of heat transfer to 

the turbulent boundary layer over a full-coverage film-cooled surface with 

compound angle (30' and 45') hole injection. 
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1.2 Literature Review 

The blade-cooling literature can be divided into two parts -- trans- 

piration cooling (the limiting case where the individual holes are very 

close together and small relative to the sublayer of the boundary layer) 

and discrete-hole film cooling. 

Transpiration cooling through a uniform porous plate has been very 

well investigated [2,3,4,5,6,7,8,9]. 

A general review of discrete-hold film cooling can be found in Gold- 

stein [lo] and, more recently, by Choe et al. [ll] and Crawford et al. [12]. 

Only the most relevant topics will be treated in the present work. 

1.2.1 Experimental Works 

Wieghardt [13] investigated the de-icing problem on an airplane wing 

using a two-dimensional slot with injection nearly parallel to the surface. 

He correlated his experimental results in terms of an adiabatic wall effec- 

tiveness, 77, and a parameter X/(S M), where Q is defined as 

~ 4 Taw - Tm 
3 - Tcu 

(1.1) 

X is the distance downstream from the slot, S is the width of the slot, 

and M is the ratio of the injectant mass flux to the free-stream mass 

flux. T, is the free-stream temperature, T2 is the injectant tempera- 

ture, and Taw is the temperature assumed by an adiabatic wall downstream 

from the slot. 

Le Brocq et al. [14] investigated the effects on n of hole-pattern 

arrangement, injectant angle, density ratio (coolant/mainstream), and 

blowing ratio. Their investigations were mainly carri.ed out by plates 

with a pitch-diameter ratio of 8. Both in-line and staggered hole pat- 

terns were studied with normal injection (hole axis perpendicular to the 

surface). The staggered pattern was a!.so tested with 45" downstream-angled 

injection. The results of their investigation concluded as follows: 

(i) the staggered hole pattern was more effective because the jets pene- 

trated less into the boundary layer; (ii) there existed an optimum blowing 

ratio for which n was a maximum, and above which ?l decreased; and (iii) 

angled injection was more effective than normal injection. 
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Metzger et al. [15] investigated botb effectiveness and heat trans- 

fer on a full-coverage surface with normal holes spaced 4.8 diameters 

apart and arranged in both in-line and staggered patterns. They based 
their values of heat transfer coefficient on the difference scheme -- 

local surface temperature and adiabatic wall temperature. Their investi- 
gation concluded that a staggered pattern yielded a higher effectiveness 

than did an in-line pattern, and that h* could be 20 to 25 percent 
higher than ho (without film cooling). 

Mayle and Camarata 1161 studied the effects of hole spacing and blow- 

ing ratio on heat transfer and film effectiveness for a staggered-hole 

array with compound-angle injection. The holes were angled 30" to the 
plate surface in the downstream direction and 45' to the flow direction 

in the spanwise direction, with P/D of 8, 10, and 14. They concl.uded 

that higher effectivenesses were obtained with P/D of 10 and 8 than with 
P/D = 14, regardless of coolant-flow ratio. They also found a blowing 
ratio that yielded a maximum n, and that the heat transfer coefficients, 

h*, were significantly higher than h . Values of h* 
0 

were found to be 

almost constant for all 14 at P/D = 8, but only for high blowing ratios 

with a P/D = 10. Downstream of the last row of holes, h* rapidly re- 

turned to ho. 

Choe et al. [ll] investigated the effects on heat transfer of hole 

spacing, blowi.ng ratio, mainstream velocity, and initial conditions upstream 

of the discrete-hole array, using normal injection at P/D = 5 and P/D = 

10. Stanton number data were taken for two values of injectant temperature, 

and linear superposition was shown to predict Stanton number as a continu- 

ous function of injectant temperature. The two conditions tested were: 

injectant at surface temperature (8 = 1.0) and injectant at free stream 

temperature (9 = 0.0). The data were correlated using the same parameters 

used with transpiration investigations. Their results concluded that: 

(i) for a given injectant flow F, holes spaced at P/D = 5 produced bet- 

ter cooling than holes spaced at P/D = 10; (ii) in the initial region 

there was not much cooling and, in fact, St/St0 could be greater than 

unity; and (iii) the ratio St/St0 rapidly returned to unity in the down- 

stream recovery region. 



Crawford et al. [12] continued the series of Choe et al. [ll] with 

30" slant-hole injection, holding all other parameters identical to those 

used in [ll]. Their study showed that, when the injectant temperature was 

equal to the plate temperature, a blowing ratio, M, of about 0.4 gave 

the minimum Stanton number, while higher blowing ratios resulted in higher 

Stanton numbers. Blowing ratios above 1.5 could produce Stanton number 

larger than that without film cooling. Within the first few rows of holes, 

Stanton number values were found to be affected by the upstream momentum 

thickness and by the ratio cf thermal-to-momentum thickness. The data 

showed a slight dependence upon mainstream velocity, and spacing holes 

10 diameters apart produced less effect on Stanton number for the same 

value of blowing ratio. 

Metzger and Fletcher [17] investigated heat transfer and adiabatic 

wall effectiveness for discrete-hole injection, while Eriksen [18] mea- 

sured laterally averaged heat transfer coefficients and cooling effective- 

ness. Launder and York [19] studied the effect of slant angle and accel- 

eration on the same geometry as La Brocq et al. [14]. Burggraf and 

Huffmeire 1201 measured rl and h* for the case of two rows of holes. 

Nina and Whitelaw [21] studied cooling effectiveness with tangential injec- 

tion through a row of circular holes. 

Ramsey and Goldstein [22] measured temperature profiles, velocity pro- 

files, and turbulence intensity profiles downstream of a single injection 

hole, with turbulence data and the velocity profiles taken by a hot-film 

probe. Metzger et al. [23] reported the heat transfer behavior on a full- 

coverage, film-cooled surface. 

1.2.2 Analytical Works 

Presently there are three methods available to predict wall tempera- 

ture, film effectiveness, and heat transfer coefficient: (i) boundary 

layer finite-difference methods, (ii) energy integral equation methods, 

and (iii) superposition of single-jet effectiveness data. 

Goldstein et al. [24] and Eriksen et al. [25] described a method for 

predicting cooling effectiveness for individual jets. Injection was mod- - 
eled as a point heat source located above the wall, and a reduced form of 

the energy equation was solved and normalized to give effectiveness as a 

4 



function of both spanwise and streamwise distance. Mayle and Camarata 

[16] developed an improved superposition method to predict the full- 

coverage data. Their prediction equation contained two parameters, each 

a function of M and P/D. 

Pai and Whitelaw [26] and Patankar et al. [27] investigated predic- 

tion of wall temperature and effectiveness do-wnstream of two- and three- 

dimensional film-cooling slots. For two-dimensional slots, the boundary 

layer differential equations were solved using a mixing-length hypothesis 

to model the eddy viscosity. The mixing length was augmented algebra- 

ically to reflect the large increase in turbulent mixing associated with 

the injection process. For three-dimensional slots, the Navier-Stokes 

equations were reduced to elliptic in the cross-plane while held parabolic 

in the direction of flow, and then solved numerically. Again, a mixing- 

length hypothesis was used, with an algebraic augmentation to account for 

increased turbulent mixing. 

Choe et al. [ll] and Crawford et al. [12] developed both integral 

and differential analyses to predict their data. Choe et al. [ll] devel- 
oped a finite-difference method for predicting heat transfer with full- 

coverage film cooling. Their equations used local averaging, with models 

for the injection process, the nonlinear terms, and the augmented turbu- 

lent mixing. With local averaging, the area for averaging moves continu- 

ously, centered upon the nominal values of x. With this concept, they 

were able to model the injection process as transpiration rather than dis- 

crete injection. The nonlinear terms were modeled by decomposing them 

into two parts, interpreting one part to be a contribution to increased 

turbulent mixing and the second part as a momentum or energy sou'rce. The 

augmented turhulent mixing was modeled using an aigebraic equation. Choe 

et al. [ll] predicted most of their Stanton number data for low and mod- 

erate blowing ratios and P/D = 5 and 10. Crawford et al. [12] later 

used the same concepts in their prediction of Stanton number data for the 

blowing ratio range 0.2 < M < 0.75 at P/D = 5. - - 



1.3 Heat Transfer with Film Cooling 

In full-coverage film cooling the injectant can leave the surface 

with a temperature, T2, different from To, while in transpiration 

cooling the injectant temperature T2 is always the same as that of the 

surface temperature T . 
0 

Film cooling is a three-dempterature-potential 

problem. 

The conventional convective rate equation is given as: 

l If 

QO = ho(To - Taw> (1.2) 

where T 
0 

is wall temperature, T aw is the adiabatic wall temperature, 

and ho is the heat transfer coefficient in the absence of film cooling. 

In order to evaluate $', the adiabatic wall effectiveness, n, must be 

known from experiment, as well as ho (the value of h at the same 

x-Reynolds number with no blowing). 

n 
b Taw-Tm 

3 - Tal 
(1.5) 

where T 0) is the mainstream temperature and T2 is the injectant coolant 

temperature. Thus two types of data are required, the first to establish 

n from the insulated surface as a function of blowing ratio M and the 

second to get ho in the absence of film cooling. 

Choe et al. [ll] abandoned the n and h 
0 

approach and used the 

following equation: 

l II 

QO = h(To - Too) 

where To is plate temperature, T co is mainstream temperature. Thus h 

is the actual heat transfer coefficient. Using Eqn. (1.3), the dependence 

of the Stanton number upon injection temperature can be described in terms 

of the parameter, 8, 

(1.4) 
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The heat transfer Stanton number, St, can be obtained for an arbi- 

trary value of 8 (all other parameters fixed) using two fundamental ex- 

perimental points: 0 = 0 and 8 = 1. Then, taking advantage of the 

linearity of the constant-property thermal energy equation, superposition 

can be used to determine St for any other values of 8: 

St(e) = St(B=O) - ex[st(e=o> - st(e=l)] (1.5) 

One of the important hydrodynamic parameters is given in terms of blowing 

ratio, defined as the ratio of the injectant-to-mainstream mass flux: 

p2"2 
M = - 

fL2Jco 
(1.6) 

or averaged over the area associated with one hole, as shown in Fig. 1.1. 

2 
= M"D 

4P2 

1.4 Objectives for the Present Research 

(1.7) 

'Ihe objective of the present study was to provide an experimental 

data base useful in developing methods of predicting surface heat flux on 

a full-coverage film-cooled surface with compound-angle injection. 

The desired data consist of spanwise-averaged heat transfer coeffi- 

cients within the discrete-hole array, and in the downstream (recovery) 

region after the final row of holes. Initial velocity and temperature 

profiles were to accompany the data. The range of conditions covers dif- 

ferent blowing ratios and upstream initial conditions, with two injectant 

temperatures, 8 = 0 and 8 = 1 at each blowing ratio. The test surface 

configurations include P/D = 5 and P/D = 10. 

A secondary objective was to test an integral analysis for correlating 

the data. 

or. Stgle Rustad designed the Vortex Control Flow System and carried 

out a preliminary investigation of the flow field. 

-. __- -. .-._- 
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Fig. 1.1. Hole-pattern and heat transfer area for compound 

angle hole injection test surface. 
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Chapter 2 

EXPERIMENTAL APPARATUS AND GENERAL -APPROACH 

2.1 Discrete Hole Rig 

The heat transfer apparatus used in this experiment, the Discrete 

Hole Rig, was basically the same as that of Choe et al. [ll] and Crawford 

et al. [12], except for the addition of a vortex control system. The 

Discrete Hole Rig is a closed-loop air tunnel which operates at ambient 

pressure and controlled, constant temperature. The test plates, fore- 

plates, and afterplates can be heated as much as 20°C (36°F) above the 

temperature of mainstream air. A secondary system delivers the blowing 

air, heated or cooled, to the test section. 

The vortex control system is a secondary loop which sucks air from 

one side of the test suction and injects it again at the opposite side 

wall, to control the cross flow inherent in compound-angle injection. 

Fig. 2.1 shows a schematic of the system. Fig. 2.2 shows the overall 

view. 

2.1.1 Primary Air Supply System 

The main loop is driven by a blower which delivers air through a uni- 

form pressure header and a heat exchanger. The air then passes through a 

plenum chamber, a screen pack, and a rectangular nozzle before entering 

the test section. Flow leaves the test section through a plenum box serv- 

ing both the secondary and the primary blower. The test duct is 20.3 cm 

(8 in.) high by 50.8 cm (20 in.) wide by 3.05 m (10 ft) long in the flow 

direction. The tunnel velocity is varied by changing pulleys and belts 

on the fan and motor in the range of 9 m/s (30 ft/sec) to 38 m/s (115 

ft/sec). 

The working section consists of an upstream foreplate, a test section, 

and a downstream afterplate. The sidewalls and. topwall of the tunnel are 

plexiglass, with the topwall flexible so that any desired pressure gradient 

can be set in the flow direction. For the present experiments, the top- 

wall was set to give a uniform static pressure in the flow direction 



for each run. The deviation was not mroe than 0.25 mm of water pressure 

difference from the beginning of the test section to the downstream edge 

of the afterplate. 

2.1.2 Secondary Air Supply System 

The secondary loop is driven by a blower which delivers air through 

an oblique header into a secondary heat exchanger to control the blowing 

air temperature. The flow passes through the heat exchanger, a bank of 

finned heaters, and a screen pack, and then enters a plenum box. 

A distribution manifold splits the secondary flow into 11 channels, 

one for each row of holes. Valves in each of the 11 channels regulate the 

flow, row by row. Hot-wire flowmeters installed inthe delivery tubes mea- 

sure the secondary air flow rates. Four of the delivery tubes had to be 

relocated for the present experiment, and all 11 were recalibrated. The 

results of the calibration of the flowmeters are documented in Appendix I. 

Each distribution manifold (also calibrated -- see Appendix II) contains 

eight or nine trim-adjust valves for assuring uniform flow rate, within 

2 percent, to each of the eight or nine holes in the row. 

2.1.3 Vortex Control System 

The Vortex Control System sucks away the corner vortices built up by 

secondary flows on the sidewall and delivers the air to the opposite side- 

wall, where it is reinjected. 

The flow rate can be regulated so as to "swallow" the corner vortex 

buildup. This allows the injected secondary air to achieve a uniformly 

vectored flow over the recovery region and test plates. Fig. 2.3 shows a 

plan view of the Vortex Control System; 

2.1.4 Foreplate/Afterplate Heating System 

The foreplate and afterplate are heated by a closed-loop hot water 

system which operates with continuous water flow. Recirculated water runs 

through two water heaters in series and is delivered to rectangular tubes 

built into the foreplate and afterplate. From the exit manifold the water 
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is returned to the recirculation pump. Water temperature is held con- 

stant using a proportional controller connected to one of the heaters. 

The preplate can be disconnected for tests with an unheated starting 

length. 

2.1.5 &at Exchanger Cooling Water System 

The heat exchanger cooling system is a semi-closed loop system which 

continuously circulates water from an insulated holding tank. Flow rate 

is maintained high enough to ensure uniform temperature of the mainstream 

air being cooled. The secondary air heat exchanger is also part of this 

system. Temperature control of the cooling water is achieved by dumping 

a portion of the recirculated water and resupplying with make-up water from 

a cold water supply main. 

2.1.6 Test Plate Electrical Power System 

The test plate electrical power system delivers heater power to each 

of 12 plates that comprise the discrete-hole test section. Power is sup- 

plied from a 120 volt AC, l$~ source through two voltage stabilizers and 

12 variable transformers. A switching circuit allows a wattmeter to be 

inserted for plate power measurements. 

2.2 The Test Surface 

The floor of the tunnel consists of three sections: a foreplate, a 

test section (blowing region), and an afterplate. The foreplate and after- 

plate are thermally isolated from the test section, and the three surfaces 

are leveled to have a continuous, smooth surface. 

2.2.1 Discrete-Hole Test Section 

The test section consists of 12 copper plates supported on an alumi- 

num frame. The assembly is 56 cm wide and 62 cm long in the flow direc- 

tion. The individual copper plates are 0.6 cm deep by 46 cm wide and are 

5 cm long in the flow direction. The first plate has no holes. The 11 

that do alternate nine holes and eight holes. Each of the 94 holes is 

connected to an individually adjusted flow tube. The holes are each 
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1.03 cm in diameter and are spaced 5.15 cm apart, to form a staggered- 
hole array. Fig. 2.4 shows an overall view of the test section. 

The plates are heated by resistance wires installed in slots machined 

into the back side of each plate. 'i'wo resistance wires for each plate 

gives a desired uniform plate temperature, as copper is a good conductor. 

The wire is made of size AWG (28) Chrome1 wire, and bussed at one end with 

copper wire to give an overall resistance of about 8 Ohms. Four iron- 

constantan thermocouples, made of 30 AWG duplex wire, are embedded into 

the back side of each plate. Each thermocouple is located midway between 

two adjacent holes. 

The plates are supported on phenolic cross ribs, except for the two 

end plates, which are supported from the aluminum end rails of the frame. 

The siderails of the frame have water passages for heating, to control 

conduction heat loss from the plates. Heating water tubes on the bottom 

plates, parallel to the cross ribs, serve to regulate the cavity tempera- 

ture, again to control conduction heat loss. 

The air delivery tubes are glued into recesses cut into the back side 

of each plate. The tubes, made of linen phenolic, extend back from the 

plate surface for a distance of 35 cm, and Gates Safety Stripe Heater Hose 

of 1.60 cm (5/8 in.) diameter is connected between each tube and its dis- 

tribution manifold tube. Three tubes in each plate have iron-constantan 

thermocouples located upstream of the point where the tube enters the frame 

cavity. The cavity is l.oosely packed with insulating material to minimize 

heat loss from the back sides of the plates. 

2.2.2 Foreplate and Afterplate - 

The foreplate and afterplate of the test surface are identical in 

design. Each plate has 48 cells 2.6 cm long in the flow direction, made 

of a rectangular tube (wave guide) insdated on the back and separated from 

each other with thin spacers. Hot water is run through 24 of the cells in 

each plate for temperature control. The heated halves of the foreplate and 

afterplate are adjacent to the test section (blowing region). Each cell 

is covered with three layers of thin bakelite and topped by a thin copper 

strip. The middle laminate was machined out to make room for a 5-cm-wide 
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heat flux transducer. An iron-constantan thermocouple is embedded in a 

groove in the back side of each thin copper plate, directly above the heat 

flux transducer, for plate temperature measurement. 

2.3 Rig Instrumentation and Measurement - 

Measurement techniques for the various physical quantities used in 

computing Stanton numbers or velocity and temperature profiles are de- 

scribed in this section. The uncertainties in measurements are also given, 

obtained by the procedure described by Kline and McClintock [28]. 

2.3.1 Temperature 

All temperatures were measured by iron-constantan thermocouples. The 

wires were calibrated against a precision quartz thermometer (Hewlett- 

Packard Quartz Thermometer), and the resulting calibration curves were 

used in the data-reduction program. 

The thermocouple wires were brought into uniform temperature zone 

boxes and attached to selector switches. To eliminate sharp temperature 

gradients along the wires, all the wires were sheathed in polyflo tubing 

from the point of origin to the zone boxes. 

Thermocouples were embedded in the test section plates, siderails, 

and endrails with adequate immersion depth, to elimiante conduction error. 

The four thermocouples in each plate were read individually, at first, to 

ensure that each plate did operate at near-isothermal conditicns. The 

two middle thermocouples of each plate read the same, and they were con- 

nected in parallel. 

The temperature of the mainstream air was measured with a thermo- 

couple whose junction was normal to the flow. The indicated temperature 

was corrected for velocity error following the procedure described by Mof- 

fat [29], with the recovery factor of the gas taken to be the Prandtl 

number raised to the one-third power. The total temperature was used in 

formulating the Stanton number for high-velocity data. 

Uncertainty in a thermocouple measurement is believed to be 0.14"C 

(0.25V). 
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2.3.2 Velocity and Temperature Profiles 

Velocity profiles were measured by traversing the boundary layer with 

a round, 0.5 mm outside diameter pitot probe. The resulting dynamic pres- 

sure was measured with a Validyne pressure transducer (Model DP45, Range 

+ 1" H20), which was calibrated against a Combist Manometer with an un- 

certainty of about 0.05 mm of water. 

Temperature profiles were measured by traversing the boundary layer 

with an 0.08 mm diameter Chromel-constantan gocseneck thermocouple probe 

suggested by Moffat [33]. The probe was calibrated against a Hewlett- 

Packard precision quartz thermometer to give an uncertainty in temperature 

of 0.08'C. 

2.3.3 Secondary Air Flow Rate 

The hot-wire flowmeters used to measure secondary air flow rate were 

recalibrated for the experiments. Each flowmeter has a constant-current 

heating element and a thermocouple circuit which measures the temperature 

difference between the upstream air and the heating element. The flow- 

meters were installed at the downstream end of the delivery tubes and 

claibrated in place. The calibration constants of the flowmeters are in- 

corporated into the data-reduction program. Uncertainty in secondary air 

flow rate for a row of holes was about 3 percent. 

2,3.4 Pressure 

Tunnel static pressure and mainstream dynamic pressure were measured 

with a Meriam inclined-tube manometer (Model 40GDlOWM, Range 2" H20). The 

mainstream dynamic pressure was measured with a Kiel probe which was in- 

sensitive to the small changes of yaw angle. Uncertainty in these pressure 

measurements was 0.25 mm water. This also applies to the zero pressure 

gradient tunnel condition. 

2.3.5 Afterplate Heat Fix? 

Heat flux from each afterplate cell was measured by a heat-flux meter 

previously calibrated by Choe [ll] and Crawford [12] to account for heat 

loss through the meter to adjacent plates and to the plate surface. Their 
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calibrations are used inthepresent data-reduction program. Uncertainty 

in the heat-flux meter measurements was believed to be about 3 percent of 

calculated heat flux. 

2.3.6 Test Plate Power 

The power delivered to each of the discrete-hole test plates was mea- 

sured by a precision AC wattmeter into the plate power circuit. A circuit 

analysis was carried out to account for insertion loss. The insertion loss 

analysis and the wattmeter calibration are incorporated into the data- 

reduction program. Uncertainty in plate power measurement was 0.24 watts. 

2.3.7 Summary of Uncertainty Intervals 

2.4 

will 

This section summarizes the uncertainty intervals already described. 

Variables Uncertainty Interval 

Temperature, except probe 0.14Oc 

Temperature, probe 0.08'C 

Dynamic pressure 0.25 mm of H20 

Static pressure 0.25 mm of H20 

Velocity profile 0.05 mm of H20 

Secondary air flow rate 3% 

Heat flux measurement 3% 

Power measurement 0.24 watts 

Formulation of the Heat Transfer Data ---- 

Experimental heat transfer data from the discrete-hole test plates 

be described in terms of a Stanton number as: 

4 
St = A 

conv 
totpaucCp(To - Tcor’ 

(2.1) ' 

where ?j conv is energy transfer from the test plate to the boundary layer 

by forced convection, Atot is the planform area of one test plate (width 

X length), P, is density of the mainstream air, lJ, is the mainstream 

velocity, C 
P 

is specific heat of the mainstream, To is plate tempera- 

ture, and TD3: is the mainstream stagnation temperature. 
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To evaluate t,,, from the power supplied to the plate requires a 

model for the heat transfer behavior of the experimental system. The con- 

servation of energy principle can be written as: 

Rate of Rate of Rate of Rate of Increase 
Creation = Energy - Energy + of Storage of 

of Energy Outflow Inflow Energy 

Applying Eqn. (2.2) to the test plate, 6conv becomes 

'conv = i supplied - 6 losses 
power to 
plate 

The energy losses in Eqn. (2.3) are decomposed into 

6 losses = 6rad + 6cond + tflow 

(2.2) 

(2.3) 

(2.4) 

where 6 rad is thermal radiation from the test plate top, 6cond is heat 

conduction between adjacent plates (or between the end plates and the pre- 

plate and afterplate) and between plate and frame, and tflow is energy 

transfer by convection from plate to the secondary air as it passes through 

the plate. 

Experimental heat transfer data from the afterplates are also presen- 

ted in terms of a Stanton number 'by replacing Gconv/Atot in Eqn. (2.1) 

with the heat flux indicated by the imbedded meters. Eqn. (2.3) was used, 

in which 4 losses consisted only of ?Jad and 6cond. 

The following sub-sections will describe heat loss components and the 

secondary air exit temperature measurements, along with energy balance 

closure tests based on Eqns. (2.3) and (2.4). The uncertainty in Stanton 

number is also discussed. Values of the constants used inthe following 

sections are contained in the Stanton Number Data-Reduction Programs in 

Appendix III. 
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2.4.1 Conduction Energy Balance 

A conduction energy balance was performed by experiments of the type 

described by Choe et al. [ll]. The sidewalls and top wall were removed 

and a 9 cm (3-l/2 in.) thick Styrofoam block was placed on top of the test 

plates. The plates were then heated to a uniform temperature and the frame 

and cavity cooled by the cold water supply. In this mode, the only energy 

transfer is by conduction to the frame, and the electrical power supplied 

to each plate can be attributed to its conduction energy loss, modeled as: 

Q cond,i = Ki(To i- Tcav i> + Si(To i- To i+l) , , , , 
(2.5) 

+ Si_l(To i - To i , , - 1) 

where the subscripts denote the plate under consideration and its adjacent 

plates, K and S are the conduction energy loss constants, and Tcav is 

effective cavity temperature. 

The S conduction energy-loss constants between the last test plate 

and the afterplate, and the first plate and the foreplate, were measured 

during the process of heat-flux calibration, as described by Choe et al. 

1111. The calibration uni.t contains three heaters, of which the middle 

one is heated by D.C. power and the other two by A.C. power. The calibra- 

tion unit was placed over the area in whi.ch the last test plate (or the 

first test plate) joins the afterplate (or the fcreplate), and the other 

two heaters over its adjacent plates. Then the heaters were operated in 

three modes: 

0 the same power to all heaters; 

l one of the guard heaters off; and 

l both guard heaters off. 

An energy balance for the middle plate leads to three equations for three 

unknowns, so that the values for S between the cell and the plate can 

be obtained. 

The S conduction energy loss constants between adjacent plates 

within the test sectlon were calculated by Crawford et al. [12]. Heat 

transfer results are not very sensitive to these values at all, because 
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all the plates were kept at the same temperature within a fraction of a 

degree, during testing. 

The conduction energy loss constants Ki were calculated from the 

measured plate and cavity temperatures and power delivered to the plate 

using Eqn. (2.5). In the calculations, energy loss through the Styrofoam 

was considered to be 11 percent of the power provided, since the styro- 

foam had only 5 c\, 6 times the thermal resistance of the insulation between 

the plate and the frame. 

The definition of effective cavity temperature was based on an analy- 

sis of the frame-temperature distribution. The frame was instrumented 

with two thermocouples in both the front and rear aluminum rails of the 

frame, and three thermocouples along each of the two aluminum side rails. 

From the resulting temperature field, the effective cavity temperature was 

calculated by linear interpolation of the ten measured temperatures. 

Since the cavity was composed of low thermal conductivity packed insula- 

tion, the base plate temperatures had a negligible influence on the plate 

conduction energy losses. In the actual heat transfer run, the side rails, 

end rails, and bottom plates were heated nearly to plate temperature to 

minimize the conduction energy losses, and a precise formulation of the 

effective cavity temperature is not required. 

2.4.2 Secondary Air Exit Temperature 

The secondary air exit temperature was different from its inlet tem- 

perature due to energy transfer between the air and the test plates. An 

experiment was carried out with a 9 cm (3-l/2 in.) thick Styrofoam block 

covering four adjacent copper plates. Machined holes in the block allowed 

secondary air to pass through the block. The block served as insulation 

to the secondary air stream and also as mixers for achieving the mixed 

mean temperature at the exit. 

For the experiment, all 12 of the test section plates, the frame side 

walls, and the bottom plates were heated to the same temperature to mini- 

mize conduction loss. Hence, considering the four test plates, the only 

energy transfer was from the plate to the secondary air. To further guard 

against the effects of conduction between plates, only the data obtained 

from the inner two plates, out of the four test plates, were used for 
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determining the convection energy transfer. The following measurements 
were made: (i) power supplied to the four test plates under the Styrofoam 

block, (ii) plate temperature, (iii) secondary air exit temperature leav- 
ing the Styrofoam block, (iv) secondary air inlet temperature four inches 

upstream, and (v) the secondary air flow rate. The heating of the exit 

air temperature can be modeled by considering the system as a heat ex- 

changer whose effectiveness, E, is: 

E 4 T2 - Tg -Ntu 
T -T = l-e 

ave g 
(2.6) 

where T2 is secondary air exit temperature, T 
g 

is the inlet tempera- 

ture, and T ave is the arithmetic average of the test plate and cavity 

temperautre, calculated by linear interpolation of the measured siderail 

temperatures, and 

N 4uA= KCOEN 
tu k SCFM 

P 
Here U is the total conductance of the system, A is the contact area, 

ItI is the mass flow rate, C 
P 

is the specific heat, SCFM is the volume 

flow rate of the secondary air, and KCONV is a constant proportional to 

the conductance UA, which is a function of flow rate. From the measured 

temperature and flow rate, using Eqns. (2.6) and (2.7), KCONC' was calcu- 

lated. The following correlation was obtained: 

KCONV = 0.1433 scFMc.5662 (2.8) 

This expression is valid for nine hole rows. If a row has n holes, 

SC??M was corrected by 9/n to get the proper flow rate in the individual 

holes; then KCONV was calculated. 

It is necessary to know what portion of KCCW came directly from 

the copper plate and what portion came from the cavity, through the tube. 

Energy transfer by convection between the plates and secondary air as it 

passes through the plate can be modeled as 

6 flow = KFL(To- T2) (2.9) 
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where KFL is the partial conductance area product (for the tube/lip 

region), To is the plate temperature, and T2 is the secondary air 

exit temperature. 

From the measured temperature and power supplied to the inner two 

plates under the Styrofoam, using Eqn. (2.9), KFL was calculated. 

Then KFL was correlated as a function of flow rate as 

KFL=. 0 1472 SCFM"'5480 (2.10) 

This expression is also valid for nine hole rows, so that n hole rows 

should be adjusted in the same manner as KCONV. 

Choe et al. [ll] estimated KFL theoretically using the three differ- 

ent regions of flow rate; i.e., KFL had three separate functions according 

to the flow rate. But KCOhV was correlated as one continuous function of 

flaw rate from the experimental data. 

Crawford et al. [12] determined both KCONV and KFL from the exper- 

imental data using the three regions of flow rate. 

The present study of heat transfer to a full-coverage, film-cooled 

surface with compound-angle (30' and 45") hole injection estimated both 

KCONV and KFL as one continuous function of flow rate. 

2.4.3 Radiation Energy Loss 

Radiation loss was calculated assuming the radiation shape factor, 

F, is 1.0, and the absorption of radiation by the air was negligible. 

Then radiation from the top surface is given by 

6 rad = EAtot o(Tz- Ti r) 
9 (2.U) 

where E is the emissivity of the test plate, Atot is the total area of 

the plate including holes, 0 is the Stefan-Boltzmann constant, To 

is the plate temperature, and T 
m,1: 

i.s the mainstream recovery tempera- 

ture. 

There will be no radiation loss from the back side of the plate be- 

cause the cavity is packed with insulation. 
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2.4.4 Energy Balance Closure Tests 

After all the loss constants were determined and separately tested, 

they were incorporated into the Stanton number data reduction program 

shown in Appendix III. Energy balance closure tests were then performed 

to determine the validity of the models used to calculate the energy 

losses. The tunnel mainstream was operated without cooling, and the plate 

power was adjusted to bring each plate up to the mainstream temperature. 

Cold water was supplied to cool the frame of the test section, resulting 

in a plate-to-frame temperature potential of about 10°C (18'F). In this 

mode of operation of the wind tunnel, there was no convective or radia- 

tive energy transfer to the mainstream from the test plates. The main 

loss mechanisms were conduction loss and the flow loss due to the injected 

secondary airstream. Tests were made for M = 0, M = 0.40, and M = 

0.75. For the blowing runs, the secondary air temperature was within 0.6'C 

(1°F) of the freestream temperature. The thermal boundary conditions for 

these tests were designed primarily to check the conduction loss constants. 

The energy balance closure tests showed how much imbalance existed for a 

given set of conditions and evaluated the accuracy of the energy measure- 

ment system. In principle, the energy balance closure equation of 

' con = 'supplied - 'losses 
power to 
test plate 

should sum to zero. The accuracy of the power measurement is within 

+ 0.24 watts (typical power supplied to each plate during a Stanton number . . 
run was 10 to 30 watts). The results of these tests are shown in Fig. 2.5. 

The energy imbalance can be converted to a Stanton number uncertainty fol- 

lowing the procedure described by Moffat [2]. 

6st = A si 
totPcaumCp’T - Taz r’ 0 , 

(2.17) 

To evaluate St, typical operating values of 15OC (27OF) for <To-Too r) 
, 

and 16.8 m/s (55 ft/sec) for U, were used, along with properties for air. 

This converts to a Stanton number uncertainty, at, of f 0.360 x 10 -4 . 
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Following the procedure of Kline and McClintock [28] for propaga- 

tion of uncertainty in Stanton number, uncertainty bands on the data are 

predicted to be *3% for both 0 = 1 and for 8 = 0. 

2.5 Rig Qualification 

After the completion of energy balance closure tests, baseline checks 

were run for hydrodynamic and heat transfer performance. Earlier qualifi- 

cation tests of the wind tunnel were reported by Choe et al. [ll] and 

Crawford et al. [12]. For the present study of heat transfer to a full- 

coverage film-cooled surface with compound-angle hole injection, even 

though the same wind tunnel as that of Choe et al. [ll] and Crawford et 

al. [12] was used, there was the additional vortex control system which 

has been described in Section 2.1.3. Hydrodynamic qualification tests 

were required to evaluate the vortex control system. 

2.5.1 Hydrodynamics of the Wind Tunnel without Operation of the Vortex - 
Control System 

The hydrodynamic qualification tests were conducted to determine that 

the tunnel flow was two-dimensional and that the approaching boundary vel- 

ocity profiles were typically turbulent. 

Free stream velocity was measured at two locations with a Kiel probe 

traversed with 2.54 cm (1 in.) increments in the channel height: (i) at 

127.64 cm (50.25 in.) from the nozzle exit over the middle of the first 

test plate for five points across the channel, and (ii) at 202.72 cm 

(79.8 in.) from the nozzle exit over the middle of the seventh recovery 

plate for three points across the channel. The velocity variation was 

within 21%. 

The two-dimensionality of the boundary layer was demonstrated by 

taking the momentum thickness and the enthalpy thickness measurements 

across the channel. The momentum thickness was measured at two locations, 

the same as those of the free stream velocity measurement. The variation 

of momentum thickness at the two locations was within+1.5%. Momentum 

thicknesses were measured at a free stream velocity of 16.8 m/set (55 ft/sec). 

The results of this measurement showed very uniform boundary layer growths 

over the center span of the channel within+1.5%. 

22 



To achieve low initial values of momentum thickness, the flow was 

accelerated over the preplate and allowed to recover to zero pressure 

gradient before reaching the test section. Fig. 2.6 shows the top wall 

configurations and boundary layer trip locations for these two types of 

run. 

The data showed that the apparent value of momentum thickness up- 

stream of the first row of holes increased as M increased, due to the 

flow blockage from the injected secondary air stream. In the evaluation 

of the virtual origin, the velocity profiles taken at M = 0 were used. 

Figure 2.7 shows the velocity profiles for flat plate conditions. 

This velocity profile shows the accepted behavior in the logarithmic and 

wake regions compared with the known correlations. In addition, profile 

shape factors were measured. It was shown that the shape factor was be- 

tween 1.29 and 1.50; thus the flow can be considered turbulent. The skin 

friction coefficient, used to form U+ and + Y , was found by fitting 

the velocity data to a logarithmic law of the wall in the range of 75 to 

125 for Y+ (Clauser plot). 

2.5.2 Hydrodynamics of the Vortex Control Flow -- 

Mayle and Camarata [16] conducted a flow visualization study of a 

multihole aircraft turbine blade. The results of the tests indicated that 

the injected secondary air flow drifted across the test surface to the 

channel side wall, where it rolled into a corner vortex which spread back 

onto the plate. In order to eliminate corner vortex buildups and to keep 

the flow uniformly vectored in the test section and the recovery section, 

a Vortex Control System was deemed necessary (see Section 2.1.3 for the 

description of the system). The function of the Vortex Ccntrol System 

was to suck away the corner vortex buildup and inject the fluid through 

the opposite wall without disturbing the mainstream and secondary flows. 

Two criteria were used to identify the proper flow in the Vortex Con- 

trol System: (i) in the beginning of the recovery region, there should be 

no corner vortex buildup, and (ii) in the recovery region, the injected 

secondary air should be uniformly vectored in the spanwise direction. 
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2.5.3 Heat Transfer Qualification 

The final qualification tests ccnsisted of unblown heat transfer 

runs. The free stream velocity was maintained approximately at 16.8 m/set 

(55 ft/sec), with the plate temperature about 15°C (27°F) above the free- 

stream temperature. 

Figure 2.8 shows the results of heat transfer runs with the free- 

stream velocity of 16.8 m/set (55 ft/sec) for the heated foreplate. In 

the region continuing the holes, the heat transfer results are 7% to 10% 

higher than the accepted correlation of St = 0.0128 Pr -0.5 -0.25 
ReA2 - 

This effect is attributed to the roughness from open holes. For the 

author's own curiosity the roughness .radius was estimated using Pimenta 

et al. 's correlation of St = 0.0017 (A,ir) -0.175 
1301. The equivalent 

roughness radius was found to be 0.005 cm (0.013 in.). 

From Fig. 2.8 it can be seen that the heat transfer data in the re- 

covery region have more scatter than in the blowing region. Since the 

heat flux meters are calibrated within 3% accuracy, this scatter is at- 

tributed to the inability of the hot water system to produce a uniform 

plate temperature, resulting in axial conduction losses not propertly 

dealt with by the data-reduction program. 

The results of the heat transfer qualification tests gave confidence 

that the energy measurement was accurate within the experimental uncer- 

tainty and that the discrete hole rig itself could perform as required for 

the proposed experiemnt. 

2.5.4 The Effects of Vortex Control Flow on Stanton Number 

Since the secondary air was injected with compound angle (30" and 45') 

directicn, a corner vortex was generated by the secondary fluid impinging 

on the sidewall, and the secondary flow field was not uniform (see Section 

2.5.2 for the Hydrodynamics of the Vortex Ccntrol Flow). Corner vortex 

buildups and non-uniformity of the secondary flow field might have resulted 

in non-uniform heat transfer in the spanwise direction. Four settings of 

vortex control flow at M = 0.4 were tested to see the effects on heat 

transfer. Two settings of vortex control flow at M = 0.9 were tested. 

In the lower range of the blowing ratio, M < 0.8, the vortex control flow 

system is effective, but at M > 1.0 its effects diminish, since it does 
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not have enough capacity. Initial .conditions of the boundary layer for 

the tests were Re 
62 - 

s 2500 and ReA2 ', 1800. 

For the blowing ratio of 0.4, the Stanton number data are plotted 

versus Rex in Fig. 2.9 for 8 = 1 and 8 = 0. The 8 = 1 figure shows 

the Stanton number data for four different settings of vortex control 

flow. The optimum flow setting shows the data about 4% lower in the re- 

covery region than those with no vortex control flow. The 8 = 0 figure 

shows the reverse effects. The Stanton number data for the optimum flow 

are about 5 to 8% higher in the blowing region than those with no vortex 

control flow. The data for all other settings of vortex control flow are 

about 10 to 15% lower in the blowing region than those with no vortex con- 

trol flow. 

The M = 0.9 data are plotted versus Rex in Fig. 2.10 for 8 = 1 

and 8=0. The 8 = 1 figure shows the effects of two settings of vor- 

tex control flow on Stanton number data. The case of no vortex control 

flow gives a value of Stanton number about 5% lower in the recovery region 

than those with the optimum vortex control flow. Here the optimum flow 

was considered to be a full flow setting. It has been observed that the 

effects of the Vortex Control System diminished for higher blowing ratio, 

M 2 1. The 8 = 0 figure shows the reverse effects. In the blowing re- 

gfon, the optimum setting of vortex flow gives about 9% lower Stanton num- 

ber data than those of the no-flow case. 

These two series of Stanton number runs gave a good experimental idea 

as to the optimum setting of the vortex control flow on heat transfer for 

each blowing ratio M. All the data presented in Chapter 3 were taken 
with the optimum setting of vortex control flow. 
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Figure 2.2 Overall view of Discrete Hole Rig 
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Figure 2.4 Photograph of compound angle hole injection test surface, 
showing staggered hole array 
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for 8 = 0 and 8 = 1 with P/D = 5, heated foreplates, for the 

effect of vortex control flow on heat transfer. 
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Chapter 3 

EXPERIMENTAL DATA 

3.1 Types of Data 

Stanton number data were obtained for a range of initial conditions 

and blowing ratios, with two injectant temperatures (0 = 0 and 0 = 1) 

at each blowing ratio. The data were taken for two hole spacings: P/D = 

5 and P/D = 10, both in the full-coverage region and in the recovery 

region. For the P/D = 10 case, only one set of initial conditions was 

used. Initial conditions are reported: mean velocity and temperature pro- 

files of the boundary layer at the midpoint of the upstream guard plate. 

Table 3.1 summarizes the data range. 

3.2 Description of the Stanton Number Data 

The main experimental investigation was to examine the effects of the 

blowing ratio on Stanton number for P/D = 5.0 with a mainstream velocity 

of 16.8 m/s and an initial momentum thickness Reynolds number of abollt 

2500, and with a heated preplate vielding an initial enthalpy thickness 

Reynolds number of 1800. All the data reported I-.22-e are those with the -- 
optimum setting of the vortex control flow. 

The effects of hole spacing on Stanton number were examined by plug- 

ging some holes in the array to give P/D = 10. A heated starting length 

initial condition was used, and tests were carried out for two blowing 

ratios of 0.4 and 0.9. 

The effects on Stanton number of changing the initial hydrodynamic 

boundary layer was examined by tests with two different values of Reg 
2 

, 

1800 and 500. The ratio of initial boundary layer thickness-to-hole 

diameter for these tests varied from 2.4 to .53. For Reg 
2 

= 1800, tests 

were conducted with four values of blowing ratio M for P/D = 5. The 

upstream ReA was about 1400. 
2 

For thin initial boundary layers, Rem = 
02 

500; two blowing ratios were used with initial ReA = 600. The initial 
2 

boundary layer was about 0.5 hole diameter in thickness. 
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Table 3.1 

SUMMARY OF COMPOUND-ANGLE HOLE INJECTION DATA 

(Red 2 
and ReA 

2 
are upstream initial 

conditions at guard plate midpoint) 

Compound-Angle (30" and 45O) Hole Injection 

-- - 

U, b/s> 

-6 2 

ReAp 

P/D 

M=O 

M = 0.2 

M = 0.4 

M = 0.6 

M = 0.75 

M = 0.9 

M = 1.25 

M = 1.5 

Unheated Starting 
- ewh 

16.8 

2500 

100 

T 

10 

aFor U, = 16.8 m/s and M = 0.4 at P/D = 5, four 
sets of Stanton number data were taken in order to 
see the effect of vortex control flow (see Fig. 
2..9) . 

b For U, = 16.8 m/s and M = 0.9 at P/D = 5, two 
sets of Stanton number data were taken in order to 
determine the optimum value of vortex control flow 
(see Figs. 2.10.). 

Heated Starting 
LE 

16.8 

2500 

1800 

5 10 

gth 
11.8 

600 

600 

9.8 

1800 

1400 

x x 

a x x 

b x x 

X 

- 

5 

X 

X 

X 

- 

- 
10 

- 

- 

5 

X 

X 

X 

X 

10 

f-i- 
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At each blowing ratio, data were obtai.ned with two injectant tem- 

peratures: (i) 0.0 < 0 < 0.2, corresponding to the mainstream tempera- 

ture fluid, and (ii) 0.9 < 0 < 1.1, corresponding to the surface tem- 

perature fluid. The linear superposition equation, St(e) = St (C)=0> - 

0 x [st(e=o> - St(O=l>] was used with the two sets of data for a given 

blowing ratio M to adjust the data to Stanton numbers at 0 = 0 and 

8 = 1. For the recovery region the average value of 8 for blowing rows 

10 and 11 were used. 

The Stanton number data have been plotted both in terms of x-Reynolds 

number and enthalpy thickness Reynolds number. The x-Reynolds plot shows 

the Stanton number as a function of position, for fixed values of M and 

0. Enthalpy thickness Reynolds number plots show Stanton number in "local 

boundary layer coordinates". Values of x-Reynolds numbers are based on 

virtual origin computed, using the initial value of momentum thickness and 

a conventional turbulent correlation. 

On the Stanton number graphs, the first 12 points are for the test 

section plates. An arrow denotes the end of blowing (twelfth point). The 

remaining points are for every other recovery region plate. The reference 

lines shown on the x-Reynolds number and enthalpy-thickness Reynolds num- 

ber graphs are accepted correlations for two-dimensional equilibrium flow 

over a smooth plate with constant wall temperature and with the hydrody- 

namic and thermal boundary layers beginning at the same point. 

3.3 Stanton Number Data 

The experimental Stanton number data have been divided into three 

sections for discussion. 

3.3.1 Thick Initial Boundary Layer with Heated Starting Len& ---- 

This section summarizes three series of Stanton number data. Each 

data set sequentially consists of the upstream initial conditions of veloc- 

ity and temperature profiles, Stanton number versus Rex for 0 = 1 and 

0 0, = and the same Stanton number versus Re 
A2 

:0r 8 =l and 8=0. 
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= 2500 and ReA = 1800 at IJ, = 16.9 m/s with P/D = 5 

Stanton number data were obtained for three blowing ratios: 0.4, 

0.9, and 1.25, for 8=0 and 8=1. 

M = 0. The first data obtained in each data set were with M = 0 to 

establish a baseline. Fig. 3.1 shows the initial velocity profile over 

the midpoint of the guard plate for this run. Fig. 3.2 shows the initial 

temperature profile. The velocity profile, Fig. 3.1, shows a typical tur- 

bulent boundary layer profile, with a boundary layer thickness of about 

two hole diameters. 

The Stanton number data are plotted versus Re 
X 

in Fig. 3.3, and 

versus ReA 
2 

in Fig. 3.4. In the latter figure, the data for the unblown 

case are seen to be 7 to 10% above the generally accepted correlation curve, 

hereafter called the equilibrium line. This effect is attributed to a 

roughness effect of the open holes on the boundary layer (see Section 2.5.3 

for Heat Transfer Qualification). In the recovery region the Stanton num- 

ber drops within 3% of the equilibrium line within a few boundary layer 

thicknesses. The roughness effect will be seen more clearly in conjunction 

with P/D = 10 data in the next section (3.3.1.2). 

Figure 3.3 shows the Stanton number data versus Rex for 6 = 1 and 

8 = 0, and the data are replotted in ReA 2 
coordinate in Fig. 3.4. 

0 = 1 (T2 = To). The trends of the data for all blowing ratios are 

similar. The data sharply decrease toward the end of the blowing with the 

minimum value occurring downstream after the last row of holes. Downstream 

of the recovery region the data sharply increase toward the equilibrium 

line. 

The decrease in Stanton number values in the blowing region may be 

due to the attachment of the secondary fluid to the surface, which will 

delay jet interaction with the free stream. In the recovery region the 

effects of the compound-angled flow field diminish quickly. 

For the blowing ratio M = 0.4 the minimum value of Stanton number 

was about one-fourth the value shown by the equilibrium line. 
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8 = 0 (T2 = T-). The data from the first blowing row are about 2% 

lower than those of the guard plate. The data then sharply increase for 

the next few blowing rows. In the blowing region, three different data 

trends can be seen: the M = 0.4 data continuously decrease; the M = 

0.9 data slowly decrease and then level out to an asymptotic value in the 

beginning of the recovery region; the M = 1.24 data level out to an 

asymptotic value, independent of the number of rows of holes. A nearly 

constant Stanton number for the highest blowing ratio, M = 1.24, may be 

due to a nearly constant turbulent transport or eddy viscosity/eddy 

conductivity with respect to the streamwise direction, independent of 

boundary layer growth. Asymptotic behavior for the 8 = 0 condition was 

also observed by Mayle and Camarata [16] for compound-angle injection with 

P/D = 8 and 10 for moderate blowing ratios. 

In the recovery region, the Stanton number data rapidly decrease. 

Two different trends are clearly seen. For M = 0.4 the data approach 

the equilibrium line within about 2%. For M = 1.24, the data approach 

those of the blowing ratio M = 0.91 within 3%. Both these data are still 

about 22% higher, at the end of the recovery region, than those of the 

eqhilibrium line. The radical drops of Stanton number in the recovery re- 

gion could be due to the removal of the intense mixing from the jet- 

mainstream interaction. This effect may be explained by comparing the 

data for M = 0.4 with those of M = 0.91 and 1.24. At the lowest 

value of the blowing ratio, M = 0.4, the mixing from the jet-mainstream 

interaction is weaker than that of the higher blowing ratios, M = 0.91 

and M = 1.24. 

3.3.1.2 P/D = 10 with Reg N 2600 and ReA E 1900 at U, = 16.9 m/s 

The Stanton number runs for P/D = 10 were performed at only one set 

of initial conditions with two blowing ratios: M = 0.4 and M = 0.9. 

M = 0. The initial velocity and temperature profiles for the unblown 

Stanton number run are shown in Figs. 3.5 and 3.6, respectively. The St 
0 

data are plotted versus Rex and ReA in Figs. 3.7 and 3.8. In the 
2 

ReA 2 
plots the data within the blowing region are within 2% of the accep- 

ted correlation line, probably because the roughness effect of open holes 

diminishes, as discussed in Section 3.3.1.1. 
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Figure 3.7 shows the Stanton number versus Rex for 8 = 1 and 

8 - 0, and the data are replotted in ReA 
2 

coordinates in Fig. 3.8. 

e=l(T 2 = To). The M = 0.38 data produce a minimum Stanton num; 

ber in the blowing region with the M = 0.84 data lying above the low 

blowing ratio data. Stanton number variation in the blowing region could 

be due to alternate rows of holes being plugged. In the recovery region, 

the Stanton number for M = 0.38 is seen to return to the equilibrium 

line. 

The recovery region data for M = 0.84 appear not to return to the 

equilibrium line. This could be attributed to a problem with the heat 

flux measurement in the recovery region. For P/D = 10 and high M, the 

flow should be much more three-dimensional than its counterpart at P/D = 5, 

because the secondary air jet penetrates farther due to the individuality 

of the jets for the wider spacing. The flow width for averaging of the 

heat flux with afterplate is 5 cm, and the discrete holes are spaced about 

10 cm apart; any three-dimensionai effects will greatiy influence the 

sensor. A similar anomaly was also observed by Choe et 21. [ll] and by 

Crawford et al. [12] for the data obtained with the natural transition 

over the blowing region, indicating the heat flux sensors do not give a 

spanwise-averaged heat transfer coefficient. 

Comparing the P/D = 10 data (Figs. 3.7 and 3.8) with the P/D = 5 

data (Figs. 3.3 and 3.4), the major effect of increased hole spacing is 

to reduce the effect of blowing: i.e., to reduce the Stanton number depart- 

ure from the equilibrium line, St 
0’ 

8 = 0 (T2 = T ). The M = 0.45 data stay almost constant within the 

first half of the blowing region and then sharply drops to approach to an 

almost asymptotic value at the end of the blowing. The data for the higher 

blowing ratio, 0.87, stay almost constant within the blowing region. In 

the recovery region the M = 0.45 data approach the equilibrium line 

within 2%. 

Comparing the P/D = 10 data with the P/D = 5 data, the major effect 

of increased hole spacing is, once again, to reduce the overall amount of 
the Stanton number departure from the equilibrium line. 
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3.3.1.3 Re62 = 1800 and ReA = 1400 at U, = 9.9 m/s with P/'D = 5 

This section summarizes the Stanton number data for the moderately 

thick initial boundary layer for the blowing ratios of 0.4, 0.93, 1.25, 

and 1.48. 

M = 0. The initial velocity and temperature profiles for the unblown 

Stanton number run are shown in Figs. 3.9 and 3.10, respectively. The 

=0 
data are plotted in Rex and ReA In the 

2 
in Figs. 3.11 and 3.12. 

ReA plots the data trends are the same as those with Reg = 2500 and 
2 2 

with ReA = 1800. 
2 

The blowing region data are about 7 to 10% above the 

generally accepted correlation curve, with the recovery region data within 

2% of the curve. 

Figure 3.11 shows the Stanton number versus Rex for 0 = 1 and 

e 0, = and the data are replotted in ReA 
2 

coordinates in Fig. 3.12. 

8 = 1 (T2 = To>. In Figure 3.11 (Rex coordinate), the Stanton num- 

ber data for the higher blowing ratios increase for the first few blowing 

rows as M increases, and then rapidly decrease toward the end of the 

blowing. The M = 0.37 data continuously decrease to the minimum value 

at the end of the blowing. In the recovery region, the common trends of 

the data for all blowing ratios are similar, such that the data rise 

toward the equilibrium line. A visual comparison of the data with those 

with the thick boundary layer reveals that the overall level of the Stan- 

ton 

few 

the 

The 

number departure from the St0 is reduced with the thin boundary layer. 

8 = 0 (T2 = Too). In the blowing region, the data rise for the first 

blowing rows, with the slope dependent on M, and then decrease. In 

recovery region, all the data display an apparent asymptotic value. 

M = 1.48 data are about 10% lower than those with M = 0.93 and 1.25. 

3.3.2 Thin Initial Boundary Layer (W2 = 500 and ReA 
2 

= 600 at 

U, = 11.3 m/s) with Heated Starting Length and P/D = 5 

The last data set for the heated starting length is a study of the 

effects of the upstream hydrodynamics for the blowing ratios of 0.44 and 

0.93. 
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Figure 3.13 shows the initial velocity profile. Fig. 3.14 shows the 

corresponding temperature profile. The velocity profile, Fig. 3.13, ex- 

hibits the outer region similarity, but the inner region differences, plus 

the shape factor information for the velocity profile, indicate that the 

flow is still transitional on the guard plate. An acoustic probe in the 
boundary layer confirmed that the flow over the second plate was turbulent. 

M = 0. The unblown Stanton number data are plotted versus Rex and 

ReA 2 
in Figs. 3.15 and 3.16. The St0 are seen to be about 5 to 10% 

abovetheequilibrium line in the test plate region. The recovery region 

data lie slightly below the equilibrium line, in either Rex or ReA co- 
2 

ordinate. 

Figure 3.15 shows the Stanton number versus Rex for 9 = 1 and 

0 0, = and the data are replotted in ReA 2 
coordinates in Fig. 3.16. 

8 = 1 (T2 = To). The blowing region data drop toward the end of the 

blowing, and then the data rise toward the equilibrium line. The M = 0.4 

data show the lowest values of Stanton number, with the higher blowing 

ratio causing an increase in the Stanton number over the blowing region 

and the recovery region. 

8 = 0 (T2 = ToD). In the blowing region the data slowly rise within 

a few blowing rows and then continuously decrease toward the end of the 

recovery region, with the M = 0.4 data slowly returning to the equilib- 

rium line. This slow return may be due to the thin momentum boundary 

layer and its effect on turbulent mixing. 

3.3.3 Unheated Starting Length with Thick Initial Boundary Layer (Reg2 = --- 
2500 and ReA 

2 
= 100 at U, = 16.8 m/s) with P/D = 5 

For the unheated starting length, only one Stanton number data set 

was obtained (M = 0.43). The primary purpose of this run was .to see the 

effects of unheated starting length on heat transfer. 

Figure 3.17 shows the Stanton number versus Rex for @ = 0 and 

8 1, = and the data are replotted in ReA 2 
coordinates in Fig. 3.18. 
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In Fig. 3.17, comparing the data for 9 = 1 with those of the heated 

starting length for the same hydrodynamic condition, the former data are 

approximately 20% higher in both the blowing region and the recovery re- 

gion. The trends of the data are very similar to those of the heated 

starting length 
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Chapter 4 

DISCUSSION OF THE DATA 

4.1 Effects of Full-Coverage FilmCooling on Stanton Number r_ -- .-.. --r-- 

The results of the experimental Stanton number data have been pre- 

sented in detail in the previous chapter. In this section of Chapter 4, 
the following items are summarized in order to see their effects on Stan- 

ton number (or heat transfer): (i) upstream initial conditions and free 

stream velocity, (ii) injectant temperature and blowing ratio, and (iii) 

hole spacing. 

4.1.1 Upstream Initial Conditions and Free Stream gelocity 

Free stream velocity and the initial conditions of the turbulent 

boundary layer were varied to,study their effects on Stantcn number. 

Fig. 4.1 shows all the data for M = 0.4 and P/D = 5, replotted as 

St(e) /st 
0 

versus the downstream distance x. St is the Stanton num- 
0 

ber for M = 0 with the same upstream initial conditions as St(U). 

In Fig. 4.1 the Stanton number ratios for 8 = 1 drop below unity 

in a fairly tight band for the blowing region, suggesting little or no 

effect of either the initial temperature or the free stream velocity. 

In the recovery region, the data do not order according to their initial 

layers but do show to order on free stream velocity. 

Also shown in Fig. 4.1 are Stanton number ratios for 8 = 0. The 

recovery region data are quite coherent, while the blowing region data 

are separated. There is no ordering by velocity. Overall, the change 

in St by injection is much less for 8 = 0 than for 8 = 1.0. This 

is attributed to the fact that injecting 8 = 0 fluid does not directly 

contribute to the growth of ReA 
2 

, so until the thermal. boundary layer 

grows beyond the penetration height of the ,jets, the Stanton number is 

only marginally different from St 
0’ 
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4.1.2 Injectant Temperature and Blowing Ratio 

The injectant temperature level, T2, is one of the important fac- 

tors in heat transfer with full-coverage film cooling, compared with the 

surface and mainstream temperatures. For small temperature differences, 

the governing energy equation is linear so that the heat transfer is also 

a linear function of T2. Stanton number data obtained for two injectant 

temperatures (all other parameters fixed) provide sufficient information 

to define the Stanton number as a continuous function of T2' For the 

steady-state heat transfer tests described herein, the injectant tempera- 

tures were T2 = T,(e = 0) and T2 = To (8 = 1). Colladay [31] indicated 

that for gas turbine applications, T2 < To < T,, a 0 parameter was 

slightly larger than unity. Therefore the 0 = 1 data trends described 

in Chapter 3 should give an indication of the Stanton number behavicr on 

a full-coverage turbine blade. 

Although Stanton number is a simple function of 8, it is 9 very com- 

plex function of blowing ratio. Fig. 4.2 shows the Stanton numbers from 

Fig. 3.11, plotted versus blowing ratio. The data show a nonlinear depen- 

dence of St on M for P/D = 5. Also shown in Fig. 4.2 are predicted 

Stanton numbers for a typical 0 operating condition to demonstrate the 

superposition principle. The predicted Stanton number decreases to a mini- 

min at M = 0.4 and then rises as M increases. This minimum in Stanton 

number for a typical 8 operation condition is clearly seen in the 8 = 1 

data. This minimum appears to be independent of upstream initial conditions. 

The drop in Stanton number for low M and 8 = 1 is similar to that 

found in transpiration cooling. With both cooling schemes the heat trans- 

fer is reduced due to addition of wall temperature fluid which significantly 

alters the temperature profile in the near-wall region. The cooling effect 

is diminished with full-coverage cooling because of increased turbulent 

transport. The full-coverage jets affect the transport over a range from 

the wall to at least two hole diameters, while the transpiration affects 

only the sublayer. Therefore, for an equivalent wall mass flux of ccolant 

( equal F) , the Stanton number with film cooling will be higher. 

The increase in Stanton number with M for M 0.4 indicates that 

the film cooling jets are transporting the coolant farther out in the bound- 

ary layer. This increased penetration distance has two effects: (i) By 
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delivering the coolant farther away from the surface, the coolant must 

be convected or diffused back into the near-wall region in order to re- 

duce the wall heat transfer. During this process the coolant entrains 

boundary layer fluid, and equilibration with the entrained fluid signifi- 

cantly reduces the effectiveness of the coolant. (ii) The increased 
penetration of the coolant farther out in the boundary layer causes in- 

creasing turbulence production. The resulting increased turbulent trans- 

port in the outer layer may intensify the coolant diffusion back to the 

surface, but it also intensifies the jet entrainment process which dilutes 

the coolant. 

In the recovery region the Stanton number data for 8 = 1 rise 

rapidly for all blowing ratios, with almost the same slope. 

4.1.3 Hole Spacing 

Stanton numbers were obtained primarily for P/D = 5, but some data 

were taken for P/D = 10. Only one set of upstream initial conditions 

was tested in order to study the effects of hole spacing on Stanton number 

data. The visual comparison of these data in Chapter 2 revealed a much 

diminished effect for the same M with wider hole spacing. 

4.2 Correlation of the Stanton Number Data 

One way to evaluate film-cooling performance is by obtaining surface 

heat flux with and without film cooling, $w i$, at the same location 

on the surface. Since both heat fluxes are defined using the same convec- 

tive rate equation, the film-cooling performance can be simplified to 

evaluation of h(e) /ho or ,St(B)/Sto. The St(e) data can be obtained 

by applying superposition to correlations of the fundamental Stanton num- 

ber data sets at 8 = 0 and 8 = 1. 

The data for 8 = 1 were correlated based on a Couette flow analysis 

developed by Choe et al. [ll] and Crawford et al. [12]. 

st(e = 1) = &(l+Bh) 

Sto Re Bh l 9 

X 

(4.1) 

where Bh is the blowing parameter, defined as Bh = F/St(B=l), and 4 
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is a functional measure of departure from the ideal case of transpira- 

tion cooling (for which value is a unity). 

Figure 4.3 shows all data for 8 = 1 plotted versus F for P/D = 5 

with heated starting length. As F increases, $I also continuously in- 

creases: as the blowing ratio increases, the cooling scheme rapidly departs 

from the transpiration cooling. 

Correlations of the 8 = 1.0 data for P/D = 5 are as follows: 

st(e = 1) 

Sto Re 
= [1+112.5 F] an(&+Bh) 

X 
(4.2) 

or, in ReA coordinates suggested by Whitten, Kays, and Moffat [4], 
2 

st(e = 1) 

Sto Re 
= [1+112.5 F] 

*2 

1.25 pn(;hBh)]1'25 [l+Bh10.25 

(4.3) 
Here the values for St0 in Eqns. (4.2) and (4.3) are the typical 

smooth flat-plate values. 

For e=o, the Stanton number data are correlated in terms of F 

for three upstream initial conditions by the following heuristic equations: 

l For Reg 
2 

= 2500, the correlating equation for P/D - 5 data is 

st(e = 0) = 2.512 x 10e3 e3a801F for 0.40 (M 5 1.24 (4.4) 

l For Reg = 1800, the correlating equation for P/D = 5 data is 
2 

st(e = 0) = 2.437 x 10B3 e7m677 F for 0.40 5 M 5 1.48 (4.5) 

l For Reg = 500, 
2 

the correlating equation for P/D = 5 data is 

st(e = 0) = 2.762 x 10m3 e4*463 F for 0.44 5 M 5 0.93 (4.6) 
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4.3 The Comparison of Stanton Number Data for Compound-Angle Hole Injec- --__ --. .- ~~ .__ ._.. ._ 
tion with Those for 30' Slant-Hole Injection at M = 0.4 and 0 = 1 _-.____ 

This section summarizes the comparison of two fundamental data sets, 

for compound-angle injection and for 30' slant-hole injection [12] at 

M = 0.4 and 8 = 1 for P/D = 5 and heated starting length. 

Figure 4.4 shows the Stanton number data versus Rex for the two 

cooling injection schemes described above, for the same hydrodynamic con- 

ditions. The compound-angle data at the minimum point (same location of 

the test surfaces) are about half those of the 30" slant-hole data. This 

trend is seen for all blowing ratios, when the two geometries are tested 

at the same hydrodynamic conditions. Thus, with compound-angle injection, 

the heat transfer coefficients were only one-half as high as with 30" 

slant-hole injection. 
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Chapter 5 

SUMMARY AND RECOMMENDATIONS 

An experimental investigation of heat transfer to the boundary layer 

over a full-coverage, film-cooled surface has been performed. Injection 

of the coolant was from an array of staggered holes with hole spacing-to- 

hole diameter ratios of 5 and 10. The P/D = 10 data were obtained for 

only one set of upstream initial conditions. The holes were angled 30" 

to the surface in the downstream direction and 45" to the surface in the 

spanwise direction. In summary: 

1. Experimental Stanton number data have been obtained by using two in- 

jectant temperatures (6 = 0 and 8 = 1) at each blowing ratio, yielding 

two fundamental data sets. The data are defined using a wall temperature- 

to-mainstream temperature driving potential, which allows direct comparison 

of wall heat fluxes in terms of Stanton numbers, with and without film 

cooling, to describe film-cooling performance. Superposition can be ap- 

plied to the two fundamental data sets to obtain Stanton number as a con- 

tinuous function of injectant temperature. 

2. When the injectant temperature, T2, equals plate temperature, To, 

the lowest Stanton number is obtained for a blowing ratio M = U2/U, of 

about 0.4. Higher ratios resulted in higher Stanton numbers. The data 

obtained in this experimental program for the highest blowing ratio of 

1.48 are still smaller than those without film cooling. 

3. Comparison of the data for the two hole spacings indicates that a 

wider hole spacing (10 hole diameters) gives less effect on Stanton number 

for the same value of blowing ratio. In other words the wider hole spac- 

ing reduces the film-cooling for the same blowing ratio. 

4. The effects on Stanton number of changing the free stream velocity 

and the initial conditions showed the following effects: (i) at 8 = 1 

UC0 had a slight effect on Stanton number in the blown region; (ii) the 

8 = 1 data in the recovery region were strongly dependent on U,. 
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5. For prediction of heat transfer data using integral equation rela- 

tionships, the following formulae are recommended: 

i) For 8 = 1 (injectant temperature equal to plate temperature) 

St(f)=1) 

Sto Re 
= [1+112.5 F] an(;h+Bh) 

X 
or in ReA coordinates 

2 

st(e = 1) 
StO 

= [1+112.5 F] 
ReA 

1.25 rn(;-kBh>]1*25 [l+Bh]0.25 

2 
0 (injectant temperature equal to mainstream temperature) ii) For 8 = 

l At Reg = 2500, 
2 

st(e = 0) = 2.512 x low3 e3s801 F for 0.40 < M < 1.24 - - 

l At Reg = 1800, 
2 

st(e = 0) = 2.437 x 10s3 e7'677 F for 0.40 ;( M 5 1.48 

l At Reg = 500, 
2 

stce = 0) = 2.762 x 11)~~ e4*463 F for 0.40 < M < 0.93 - - 

6. When the injectant temperature was equal to plate temperature, two 

distinct data trends were seen. The data within the blown region dropped 

rapidly to a minimum value at the last row of blowing. In the recovery 

region (60 hole diameters downstream of the last blowing row), the data 

rose rapidly toward the baseline data. 

7. An examination of two data sets for the compound-angle hole injection 

and the 30" slant-hole injection at 8 = 1 and M = 0.4 with P/D = 5 

and heated starting length revealed that compound-angle injection yielded 

heat transfer coefficients only one-half as high as those for 30" slant- 

hole injection. 
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The work reported here represents the third phase of an experimental 

heat transfer investigation into full-coverage, film-cooled boundary layers 

on a flat plate at Stanford: the first was normal-hole injection; the 

second was 30" slant-hole injection; and the last one was with compound- 

angle (30° and 45") hole injection. 

For further study of the compound-angled hole injection, it is recom- 

mended that: 

l Detailed investigation of mean velocity, mean temperature, and turbu- 

lence profiles around the discrete holes should be carefully examined. The 

flow within the blown region and the recovery region is highly three- 

dimensional, a situation not experienced in previous test plates (the 

normal-angle hole and the 30" slant-hole). Such a study would provide 

details of the variation of velocity, temperature and turbulence level 

around the holes and also would provide data for a higher-level turbulence 

closure model for future numerical prediction programs. 

0 The effects of high mainstream turbulence level on heat transfer 

should be investigated. The importance of this effect may be confined to 

the recovery region. High turbulence levels may cause a more rapid re- 

covery to unblown Stanton number conditions. 
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II 

Appendix I 

HOT-WIRE FLOWMETER CALIBRATION 

Introduction 

The hot-wire flowmeters [ll] installed in the secondary air delivery 

pipes of the discrete hole rig had not been calibrated for approximately 

three years [32] in February of 1977. Also, four of the secondary air 
delivery pipes had been relocated for the present heat transfer study of 

the compound-angle test plate. Therefore, all the hot-wire flowmeters 
needed to be recalibrated for the accurate measurement of flow rate. 

Choe et al. [ll] have described the hot-wire flowmeter. It has a 

thermocouple loop for measuring the temperature difference between the 

heater element and the incoming air stream. The thermocouple is made of 
iron-constantanwithonejunction at the middle of the heater element in- 

side the brass tubing and the other junction in the air stream l/2 inch 

upstream with 90" rotation. The calibration curve for hot-wire flow- 
meters [ll] has shown the flow rate X plotted as a function of the voit- 

age E. The functions X and E are expressed as: 

x = SCFM- l (1+0.7 w) (I-l) 

E = emf.* ($,’ l ($-pa7 l (1+0.22w) Ki 

where 

SCFM = theoretical flow rate in CFM, 

w = specific humidity in lbs/lb of D.A. 

emf = the emf of the thermocouple signal, 
I 

0 
= 30.00 mv, 

Ki = flowmeter calibration constant. 

(I-2) 

For the present calibration of hot-wire flowmeters, the same slope 

of the calibration curve shown in [ll] has been used to determine the 

calibration constant, K., 1 rather than constructing a new calibration 
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curve, because the initial calibration showed that all the calibration 

curves collapse by the horizontal shift of some distance on log-log co- 

ordinates. The values for the calibration constant, Ki, determined here 

cause the horizontal shift of some distance of each flowmeter into the 

same calibration curve shown in [ll]. 

Instrumentation 

The Meriam laminar flow meter was used in the experiment. Its flow 

rate was accurately known as a function of the pressure drop across the 

flowmeter with the temperature and absolute pressure correction factors 

upstream of the flowmeter. The actual flow rate was converted into the 

corresponding voltage using Eqns. (I-l) and (I-2) with the same slope of 

the calibration curve shown [ll]. Then the emf of the thermocouple sig- 

nal was compared with the actual flow rate voltage obtained by the Meriam 

laminar flow meter, in order to determine the calibration constant K.. 1 
For each flowmeter, three sets of Ki at different flow rates were ob- 

tained to establish the experimental confidence. Then the final calibra- 

tion constant Ki was determined from the arithmetic average of the three 

values. 

Figure I-l shows the arrangement of the experimental apparatus. 

THE MERIAM INCLINED 

ABSOLUTE 
PRESSURE 
(in. Hg) 

MERIAM LFM 

IRON CONSTANTAN THERMOCOUPLE 
TO MONITOR TaD AT UPSTREAM 

Fig. I-l. The experimental apparatus. 
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Instruments required: 

o Meriam laminar flow meter; Model 5OMHlO-2, Type 1, 

o Hewlett-Packard 24OlC with 1OOK impedance, 

o Meriam inclined manometer (9-8" H20), 

o Mercury vertical manometer (in. Hg). 

If there is no absolute pressure gauge, the Mercury vertical manometer 

can be used, because it gives the relative pressure reading. Then add 

the barometric pressure to the relative pressure reading to obtain the 

absolute pressure upstream of the Meriam laminar flow meter. 

Data-Reduction Procedure 

From the accurately known flow rate obtained by the Meriam laminar 

flow meter, the equivalent voltage can be determined in the following way. 

The calibration curve shown [ll] gives the slope as: 

53.00 

J"x 

4.05 

2.00' 

1.00 

- 

1 -~ 
2.723 

E = x (I-3) 

For a sample data reduction, the following table shows data on the 

hot-wire flowmeter 12, for w = 0.0047 lbm vapor/lbm dry air and 

C(1) = 30.00 mv, 
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Table I-l 

SAMPLE DATA OF HOT-WIRE FLOWMETER CALIBRATION 

30.60 /(;;I;,/“-““‘” 10.97284 

CFM 
at P 

30.60 

Using Eqn. (I-3), the flow rate can be converted into the equivalent 

voltage. 

E = 0.35 c’“.;:“““l - x+E = o.42g03 

From Eqn. (I-2), the corresponding property corrections can be made: 

emf 
K2 = [3$-j 2 [5;;;7] i:;2;"1:o.,, x o.oo471 = o.423g5 

K2 0.42395 0.42395 = --- emf = --- 0.378 = 1.122 

Experimental Results 

The calibration constant of each hot-wire flowmeter has been obtained 

from averaging the values of three different flow rates. The following 

table shows the final calibration constants, which are compared with 

those of Choe and Crawford. 
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Table I-2 

CALIBRATION CONSTANT OF FLOWMETER 

% of deviation 

I I 8.7 0.9 
.- 

0.988 0.928 

0.985 0.975 

0.3 -5 

-~ __ 
* 

K6 

0.906 

0.927 

-2.3 

eK7 

0.907 

0.905 

0.2 

Kll 

0.920 

0.915 

0.5 

K12 

0.929 

0.923 

0.7 

A= Choe and Crawford results, B = the results of the present work. 
* signifies relocation of delivery pipes. 

From the results of the hot-wire flowmeter calibration, it has been 

shown that, except for K2 and K5' the deviations are within the ex- 
perimental uncertainty of 4%, as will be shown in the uncertainty analysis 

section. 

Uncertainty Analysis 

In order to determine the experimental confidence level, an uncer- 

tainty analysis was performed following the procedure described by Kline 

and McClintock [28]. 

The uncertainty intervals of the Meriam laminar flow meter were de- 

termined as: 

6P (across LFM) = 0.02" H20 -f 8X = 0.1 CFM 

6T (upstream) = 0.25"F + dCFT = 0.0008 

"'abs (upstream) = 0.02" Hg + 6CF = 0.0007 
P 

The flow rate, X, is given as: 

X = X CFT CF 
P 

6x = $ 
2 l/2 

F 
6CFT l CF )2 + ($- 

P 'P 
sCFp l CFT ,3 
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AL= XCF ax 
6CFT P' Wp 

= XCFT 

l/2 
6x = (0.1 CFT CFp)2 + (0.0008 X2 CF;)2 + (0.0007 X2 CF;)2 1 

(I-4) 

CFM converted into E: 

-0.36724 
E = 0.35 (5) 

g 1 -1.36724 = 2.425 x lO-3 l 

l 6x 

(I-5) 

E is corrected for the property changes: 

Ki = E 

(Io/I)2 (1+0.22w) will be treated as a cons&t, ~1, because data were 

taken such that IO/I = 1.0. 

-0.7 
Ki = 

6k = ; aKi 
i x 6E emf-' (&)-oa7/2 + [emfe26emf E[&)-oS7/2 

-2 -1.7 
E emf (ST 

where 

(I-6) 

Equation (I-6) is the final equation to get the uncertainty in Ki. Let 

emf = 0.005. 

For the typical data on K2 which shows the largest deviation from 

the previous calibration by Choe and Crawford, 
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CF 
P 

= 1.01776, CFT = 0.97888, X = 30.28645'CFM , 

E = 0.42561, T = 76.4'F, emf = 0.383, w = 0.0069 

Using Eqn. (I-6), K2 is calculated to be: 

gK2 = 0.03 

6K2 - = 0.034 
K2 

Summary and Conclusions - 

The calibration constants of hot-wire flowmeters determined in this 

experiment were shown in the experimental results section. From the re- 

sults it has been shown that, except for K2 and K5' all the calibra- 

tion constants are within the experimental uncertainty. A possible 

explanation for the largest deviations in K2 and K5 from the previous 

calibration by Choe and Crawford could be that the oxidation of thermo- 

couples, resulted in a change of heat transfer mode. However, there is 

no explanation why K2 and K5 should have been oxidized more than the 

others. 

The calibration constants for hot-wire flowmeters obtained in this 

experiment were used to set the blowing ratio of the compound-angle 

test plate. 

It is believed that the calibration constants obtained here could be 

used successfully for the next three years without recalibration, unless 

the insulation of the hot-wire flowmeters is accidentally changed. 

77 



II 1111 I II 111 II I I I I I 1111~11~1111~1111111llllllllll I I I,,,1 n .,,,,,. 11.m 111,111,. I,. ,I-,, I,,,.. I, I I., I II-. I. .m- I .I.--...--, 

Appendix II 

MANIFOLD FLOW BATE DISTRIBUTION CHECK 

In order to assure the uniformity of flow rate through each hole in 

the manifold, the flow rate of each hole needed to be determined. If the 
flow rate of each hole is too scattered, the valves of the manifold must 
be adjusted such that the flow rate distribution is as uniform as possible. 

For the flow rate measurement, the Meriam laminar flow meter was used; 
it has a capacity of 3 CFM (0.944 R/set). The instrumentation was the 
same as for the hot-wire flowmeter calibration. 

Fig. II-l. Sketch of manifold. 

Before the valve adjustment of the manifold, the flow rate of each hole 

in all eleven manifolds was measured. Manifold #7 gave the largest flow 
distribution of 6%, so the valves were adjusted until the flow rate dis- 

tribution was within 2%. The results of the manifold valve adjustment 

gave the flow rate uniformity within 2% at most. 

The following table summarizes the results of the manifold valve ad- 

justment. 
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Table II-1 

FLWRATR DISTRIBUTION OF THE MANIFOLD 

Manifold Flow Rate (CFM) 
Number Distribution Uniformity (X) 

1 0.200 - 0.204 2 

2 0.220 - 0.224 2 

3 0.206 - 0.208 1 

4 0.228 

5 0.200 - 0.204 2 

6 0.216 

7 0.212 - 0.216 2 

8 0.220 - 0.224 2 

9 0.211 - 0.212 0.5 

10 0.224 

11 0.208 

It may be a concern that the flow rate may possibly be changed due 

to thermocouple installation in some of the delivery tubing to monitor 

the temperature of the gas. Assume that the flow rate could be decreased 

by 112%. The secondary air flow rate in each hole in one manifold is 

uniform within -+2 l/2% accuracy. 
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Appendix 111 

STANTON NUMBER DATA-REDUCTION PROGRAM 

: 3 
4 
5 
6 
x 

1: 

11 

12 

:t 
1s 

@IATFIV LIST 

: STANTON NUMBER DATA REDUCTION PROGRAN 

E 
DISCRETE HOLE RIG NAS-3-14336 
THIS PROGRAM USES THE LINEAR SUPERPOSITION PRINCIPLE TO 

: 
CALCULATE STANTON NdHBERS AND OTHER INTEGRAL PARAMETERS AT THETA= 
0. AND 1. 
REVISED JUNE 1977 

REAL K 
COHflON/ BLKl /PAHB.PSTAT,TRECOV,RHUM,PDYN 
COMflON/ BLK2 /UINF,TINFsTADIA2.RHOG,VISC,PRsCP,U 
COMMON/ BLK3 /SAFRC121.C1C12.),fMC12).Ft12~.KM.AH.THEAT 
COMMON/ BLK4 /T0C45),TGCl2).T2C12l,TCASTCAV(1Z),THClZ3 
COMtlONI BLKS /Q~lt~.HM~45~,VAR~12).PDOT(36~ 
COMflON/ ELK6 /DXVO,DEND2,DF,DREEN(36~,DST(36~,DDDOTC36l,DTH~l2~ 
DIHENSION NRN(4).KOMMNT(40). STC36).9FLOWC12), 

1 Xt36~,REXC36~rREEN~36~.5fNOB~36~,ST~~36~,STCOLC36l.STHOTC36l, 
2 STSC36lrSTSF~36~.STCR~36~.STHRorST5R~36~.STSRC36~,SHO~lZ~,FO~l2l, 
3 BHCOLCl2l.BHDTC12~,REXO~36l,RENCOL~36~rRENHOT~36~.THO~l2~. 
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DIMENSION NRN0(4)rSTHRB(12).KOMNTO~40~ 
DATA X/53.3,52.3.54.3r56.3,58.3,60.3,62.3~64.3,66.3.68.3, 

READ RUN NUtlBER AND CONTROL PARAIIETERS 

NRN 8 DIGIT RUN NUMBER 
IOUT PARAMETER TO TERMINATE PROGRAM 

IOUT-O TO READ DATA SET 
IOUT NE 0 TO TERMINATE PROGRAfl 

KT DATA TYPE FOR LINEAR SUPERPOSITION 
KT-0 FLAT PLATE OR MCTH=O) 
KT=l MCTH=l) 

KH PITCH/DIAMETER RATIO OF HOLE ARRAY 
KH=O P/D FIVE 
Ktl=l P/D TEN 

1 TYPE OF FLAT PLATE STANTON NUMBER FOR ST NO RATIO 
REQUIRED TO SPECIFY L FOR TH=l RUN ONLY 
L-0 STANTON NUMSER BASED ON ST-REX HEATED STARTING 

LENGTH CORRELATION 
L-1 STANTOH NUtIBER BASED ON ST-REX UNHEATED STARTING 

LENGTH CORRELATIOI: 
112 FLAT PLATE STANTON NUMBER TEST DATA 

NOTE: DATA SETS MUST BE STACKED FLAT PLATE,MCTH=Ol,MCTH=l)r 
tlCTH=O),MCTH=ll,... 

WRITE (6.9001 
~RR*llul*********l 
C IPRINT=O TO PRINT SUMMARY DATA SET ONLY 
C IPRXNT=l TO PRINT ENTIRE DATA REDUCTION 
C 

IPRINT=l 
~RRnnil********ll* 

5 READ (5.10) CNPNCI)rl=l,4l.I0UT,KT,KM,L 
10 FOPMATC4A2.12,12,12,!2) 

IF CIOUT.NE.0) GO 70 2000 
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f l 2W READ DATA RUN DESCRIPTION, A FORHAT COT. l-80 
C 

16 READ (5.2) (KOtlHNT(I1, I-1.40) 
I7 2 FORflAT C40A21 

C 
c asr READ TEST CONDITIONS 

: TAHB AMBIENT TEHPERATURE (DEG F) 

z 
PAHB AHBIENT PRESSURE (INCHES HG CORRECTED TO 32 DEG F) 
RHUII RELATIVE HUMIDITY (PERCENT) 

t THEAT SECONDARY AIR TEMP, HEATER BOX (I-C TC, HV) 

E 
CI<l) SECONDARY AIR FLOWHETER CURRENT SIGNAL tt4Vl 

1B READ (5,201 TAHB,PAHB,RHUH,THEAT1CIo 
19 20 FORHAT (7FlO.O) 

5: 
DO 22 I=2112 

22 cIcIl=cI(1) 
C 
c R4R READ TUNNEL CONDITIONS 

TRECOV TUNNEL AIR RECOVERY TEMPERATURE (I-C TC, MV, 
PDYN TUNNEL AIR VELOCITY DYNAMIC PRESSURE (INCHES HZ01 
PSTAT TUNNEL GAGE STATIC PRESSURE (INCHES HZ01 
xv0 VIRTUAL ORIGIN. TBL. FROM PGM PROFILE (INCHES) 

c END2 ENTHALPY THICKNESS, FROM PGM PROFILE (INCHES) 

E 
DXVO UNCERTAINTY IN XVO. FROM PGM PROFILE (INCHES) 
DENDt UNCERTAINTY IN ENDZ, FROM PGM PROFILE (INCHES) 

c 
22 READ (5,201 TRECOVsPDYN,PSTAT,XVO.ENll2,DXVOIDENDZ 

c 
c a51 READ TEST SECTION CONDITIONS 
C 
C TS<Il SECONDARY AIR TEMPERATURE (I-C TC.HVl 
C TO<11 PLATE TEMPERATURE (I-C TC. HV) 
c Q(I) PLATE POWER (WATTS) 
c VAR(I) VARIAC SETTING 
C SAFR(1) SECONDARY AIR FLOWMETER SIGNAL (MV) 
C 

23 READ (5,251 ~TG~I~rTO~I~.Q~Il,VAR~I~rSAFRo1 1=1,12) 
24 25 FORflAT (5FlO.O) 

ca*a************t*a* 
C IF CSAFR(Z).NE.O.l L-2 
Caa*a****~*****a*@*t 
c 
C a6* READ RECOVERY SECTION CONDITIONS 
C 
c TO<11 PLATE TEMPERATURE (I-C TC. MVI 

f 
HU(I) HEAT FLUX METER SIGNAL tHV1 

25 READ (5r26) ~TO~I~rHfl~I~rI=lf.45~ 
26 26 FORHAT(2FlO.01 

c 
c a7a READ TEHPERATURE 

: TCAST(1) TEST SECTION SIDERAIL TEHPEHPERATURES (1-C TC,HVl 
C 

27 READ (5.27) (TCASTfI), I-l,81 
26 27 FORflAT ( FJO.0) 

C 
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xx 
tX 
41 
42 

43 
44 
45 
46 

33 
33 
36 

61 
62 

t: 

6s. 

:i 

66 

c YRITE OUT ALL RAY DATA 
C 

IF<IPRINT.NE.O) WRITE (6,900) 
HRITE (6,401 (NRNtIlr 1-1~4) 

40 FORtlAT (lOX.*RUN ‘.4A2,’ **e DISCRETE HOLE RIG **a NAS-3-14336’ 
1 ,lOX,‘STANTON NUMBER DATA’/) 

YRITE (6.610) (KOHMNT(I), X=1,401 
610 FORMAT (lOX,40A2/) 

IF (IPRINT.EQ.01 GO TO 7772 
HRITE (6.451 

45 FORHAT (lOX.‘UNITS: PAMBCDEG F).PAMBLIN HG)r RHUH(PCTl’117Xs 
1 ‘PSTATtIN HZO), TRECOV(MV,, PDYNTIN HZO). XVO(IN). TPLATE(HV)‘/17 
ZXr’TGAS(HV). QDOT(WATTS). SAFR(MV’,,HM(HV,, CI(flV), THEAT(HV 

WRITE (6.50) TAMB,PAMB.RHUM.THEAT 
50 FORHAT(IOX,‘TAMB=‘. F6.1,5X,‘PAMB=‘.F6.2, SX,‘RELHUH=‘rF5.1,6X, 

1 *THEATER=*rF4.3/) 
WRITE (6.60) PSTAT.TRECDV.PDYN,XVO,END2,DENDZ 

60 FORMAT ~10X,*PSTAT=‘,F6.2,5X,‘TREC0V=‘,F6.3,5X,’P0YN=’,F6.3,5X, 
1 'XVO=' ,F6.2,5X,‘END2=‘,F6.415XI’DXVO=‘1F6.4r5X,*DEND2=*,F6.4//~ 

YRITE (6,701 
70 FORHAT (lOX,‘PLATE’.LX, ‘TPLATE’,~XI’TGAS’,~X,*QDOT*,~X,*VARIAC’, 

1 5X,‘SAFLOW*,5X,‘CURRENT*,6X,‘TCAST*/l 
NPl=l 
WRITE (6.751 NPl.TO(l).Q~l~,VAR(Il,TCAST~I3 

75 FORtlAT (lOX,I3,7X,F7.3.13X,F7.213x1F7.1. 27X,F7.3) 
WRITE 66,801 ~I,TDCI~,TGCIl.Q~I~rVARCI~,SAFR~I~,CICI~,TCAST~Il, 

1 1=2*12) 
80 FORKAT (lOX,I3.7X,F7.3,3X,F7.3,3X,F7.2,3X,F7.1,3X,F8.3,3X,FS.3, 

1 5XmF7.31 
WRITE(6r711 

71 FORHAT(/,1OX.‘PCATE’r6X,‘TPLATE’.6XI’Hn’9 
WRITE(6.72)~I,TO~I)rHnO 

72 FORHAT~lOX,I3r7X.F7.3.3X,F7.3~ 
7772 CONTINUE 

E 
5 

90 

c 

@ 

C 

C 

DATA CONVERSfON BLOCK 

CONVERT ALL TEflPERATURES FROM HV TO DEG F 
TRECOV=TC(TRECOV) 
THEAT-TCCTHEAT) 
DO 90 I=lrlZ 
TO(I)=TC(TO(I)) 
TG(Il=TC(TG(I)) 
CONTINUE 
DO 93 1=1,8 
TCAST(Il=TC( TCAST(1) I 
DO 91 1113.45 
TO(I)=TC(TD(I)) 
PLATE AREAS 
HOLE AREA 
A-18.*1.968750/144. 
AH+(3.141593~0.406*0.406*0.25~/:44. 

COMPUTE UIND TUNNEL FLOW CONDITIONS 
CALL TUNNEL 

COHPUTE SECONDARY AIR FLOW RATE 
CALL FLOW (KERROR) 
IF CKERROR.GT.0) RETURN 

COflPUTE SECONDARY AIR FLOW TEHPERATURES AND QFLOU LOSS 
CALL TZEFF (QFLOU) 

COHPUTE NET ENERGY TRANSFER FRDtl TEST SECTION AND RECOVERY 
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69 

70 

T: 
73 

73 

TLI 
78 

79 

xs 
89 
90 

91 
92 
93 
94 

95 
96 
97 

I8 

1:: 

101 

102 

103 
104 
105 
106 
107 

C REGION 
CALL POWER (TINF,QFLOWrAJ 

cc LlRITE ALL CONVERTED DATA 
IF CIPRINT.EQ.01 GO TO 1108 

C 
WRITE (6,610) CKOHHNTCIJ, I=lr40J 
HRITE (6,100) 

100 FORHAT (//.lOX.*UNITS: TPlATE(DEGFJ. TGAS(DEG FJ, QDOT(WATTSJ,‘, 
1 /l7X,‘SAFlOWCCFHJ,QFLUX(BTU/HR~SQFTJ,TEFF2CDEG FJ*/l 

YRITE (6,102) 
102 FORMAT (lOX.‘PLATE’,LX, ‘TPLATE’r5X.‘TEFF2’,5X,*QDOT’, 

1 ‘6X,‘QFLUX’.6X.*SAFLOW*,6X~‘TCAST’,6X.’TGAS’,6X. 
2 ‘TCAV’/l 

WRITE (6,105) NPI.T0(1J,Q(llrQDOT(ll,TCASTCllsTCAV(ll 
105 FORflATCl0X,I3r7X,F7.l,l3X,F7.2. 5X.F7.2.14X.F7.1.9X.F10.1) 

WRITE (6.110) CI,TO(I),T2CI),Q~IlrQDDTCI~,SAFR~Il, 
1 TCASTCI),TG(I)rTCAV(I). 1=2.12) 

110 FORHATClOX.I3r7X.F7.1,3X.F7.1,3X. F7.2,5X,F7.2,1X,F8.2, 
1 5X,F7.1.2FlO.l) 

URITE (6.106) 
106 FORMAT~/rlOX.‘PLATE’,6X,‘TPLATE’.6X,*H~*,5X,’QFlUX*~J 

YRITE(6.1071 (I.TO~I),HH(I).QDOT(I).I=13,36) 
107 FORMAT (lOX,I3,7X,F7.3,3X,F7.3,3X,F7.2J 

I=108 
WRITE (6.1081 I.TO(45J 

108 FORflAT (lOX,I3.7X,F7.3) 

: COMPUTE STANTCN NUMBER 
c 

1108 CONTINUE 
xvI=x~I)-xvo-i.o 
IPD=S 
IF CKH.EQ.1) IPD=lO 

C X REYNOLDS NUMBER BASED ON VIRTUAL ORIGIN TBL 
201 FACT=UINF/(VISC*12.) 

DREX=FACT*DXVO 
DO 210 1=1,36 

210 REX(I)=FACT~(X(I)-XVO) 
C COHPUTE STANTON NUMBERS 

DENOH=RHOG~UINF*CP*36OO. 
DO 220 1=1.36 
STCI)=QDOT(Il/(DENOH*~TO~I~-TADIABI) 

C DSTCIJ: UNCERTAINTY IN ST(I) 
C DP : UNCERTAINTY IN MANOMETER PRESSURE I IN HZ0 

DP=0.008 
C DT: UNCERTAINTY IN TEtlPERATURE, F 

DTgO.25 
DST(ll=ST~IJ*SQRT~DQDOT~IJ~DQDOT~IJ/~QDOTCIJuQDOT(IJ)+UPuDP~(4.~ 

~PDYN*PDYN)+~T~~T/((To(I)-TINF)+(To(I)-TINF~I~ 
220 CONTINUE 

C COHPUTE DEL2 AND REDELZ BASED ON ACTUAL ST-DATA 
CALL ENTHAL (FACT.ST,REEN,ENDZJ 

C 
IF (IPRINT.EQ.01 GO TO 3310 

WRITE (6,900) 
WRITE (6.40) (NRN(I1. I-1,4) 
TbDBC=5.*(TADIAB-32.)/9. 

TINFC=5.*(TINF-32.)/9. 
108 UINFtlS=UlNFr0.3048 
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109 
110 
Ill 
112 
113 
114 

115 
116 
117 

118 
119 
120 
121 

122 
x23 
124 
125 

126 
127 
128 
129 
130 

131 

lb2 
133 
134 
135 
136 
137 

138 
139 
140 

141 

142 
143 
144 
145 
146 

147 
, , I. 
.,- 

i50 
151 
152 
153 

XVDCU=XVOr2.54 
RHOKfl3=RHOG*16.02 
VI5CI=VISC~0.0929 
CPJKGK=CP*4184. 
WRITE (6.3001 TADBC.UINFHS,TINFC,RHOKH3,VISCI.XVOCH.CPJKGK,PR 

300 FORHAT(lOX.‘TADB=‘rF6.2,’ DEG C UINF=‘,FlZ.Z,’ H/S TiNF=‘, 
1 F6.2,’ DEG C’/lOX.‘RHO=‘,F7.3,’ KG/M3 VIfC=‘rE12.5r’ H21S 
2XYO=*,F7.1.’ C~‘/lOX.‘CP=‘rF8.0,’ J/KGK PR=‘rFl4.3/1 

URITE(6.600) (KOMMNT(Il.I=1,40) 
600 FORHAT(lOX.40AZ/) 
3310 CONTINUE 

f 
IF 2ND PLATE HAS NO SECONDARY INJECTION , THIS PROGRAM ASSUHES THAT 
IT IS A NO-BLOWING CASE. 
If CSHC21.EQ.O.l GO TO 400 
IF CIPRINT.EQ.0) GO TO 345 
WRITE (6,310) 

310 FORflAT~1OX,‘PLATE’.3X,‘X’,5X,‘REX*,9X,’TO’,6X.*REENTH’,7X. 
I’STANTON NO’, 6X.‘DST’r6X,‘DREEN’,4X,*H*s4X,‘F’r6XI’T2’,2X, 
2’THETA’,3X.‘DTH’l 

XCH=X(ll*2.54 
TEHPC=5.+(TO(l)-32.119. 
WRITE (6,320) NP1,XCM.REX~l~,TEMPC,REEN(I~,ST~I),DST~I~,DREENCll 

320 FORHAT~l0X,I3.2X,F5.l,lX,El2.5,lX.F6.2,2~2X,El2.5l.2X,E9.3~2X~ 
IFS.01 

DO 340 I=2112 
XCfl=X(I)+2.54 
TEHPC=S.*(TO(I)-32.119. 
TEHP2=5.*(TZ(I)-32.119. 
URITE (6,330) I.XCM,REX~Il;TEHPC,REE~~(X~,STo1DST~Il,DREENCI~. 

1SH(IlrF(IlrTEHP2.TH~Il,DTH~Il 
330 FORMAT~1OX.I3r2X.F5.l,lX,El2.5,lX,F6.2,2~2X,El2.5~,2X.E9.3,2X,F5.O 

1,2X,F5.2,F7.4.F6.2,F6.3,2X,F5.31 
340 CONTINUE 

DO 341 1=13.36 
XCH=X(Il*2.54 
TE?lPC=5.+(TO(I)-32.)/9. 
WRITE (6.331) I.XCM,REX(I)rTEMPC,REEN(I)1ST(I).DSTo.DREEN~Il 

331 FORflATC10X,I3,2X,F5.l,lX,El2.5,1X1F6.2,2~2X,El2.5~,2X,E9.3,2X, 
lF5.0) 

341 CONTINUE 
WRITE (6.334) DREXtDF 

334 FORMAT (/lZX.‘UNCERTAINTY IN REX-‘,F6.0,9X,‘UNCERTAINTY IN F=‘, 
lF7.5,’ IN RATIO’) 

GO TO 345 
C 
C STORE FLATPLATE EXPERIflENTAL DATA FOR STANTON NUMBER RATIO 
C 

400 DO 401 1=1,36 
STNDB(I)=ST(Il 

401 CONTINUE 
WRITE (6.410) 

410 FORMAT~lOX,‘PLATE’,3X1’X’1SX,‘REX*,9X,’TO*,6X,*REENTH’,7X,*STANTON 
lN0’,6X,‘DST’r6X,‘DREEN’,5X,‘ST~THEO~’.6X,~RATIO’~ 

DO 420 X=1.36 
STT=.O~~S*PR**(-.~)*(REX(I~~~U~-.~) 
IF (L.EQ.l)STT=STT*(l .-(XVI/(X(I)-XVO)l**.9)*r(-1./9.) 
RATIO=ST(I)/STT 
XCtl*X(ll*2.54 
TEHPC=S.*(TO(I)-32.)/P. 
WRITE (6.4301 I,XC~,REX(I~rTEflPC,REEN~I~,ST(I~,DST~I~,DREENCI~, 
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154 

155 
156 
157 

158 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
I76 
177 
178 
179 

180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 

1 STT,RATIO 
430 FOR~AT~lOX.I3.2X,F5.l.lX,El2.5,lX,F6.2,2~2X,El2.5~,2X~E9.3~2X~ 

lFS.O,E15.5rF9.3) 
420 CONTINUE 

IF CI.PRINT.EQ.0) WRITE (6.900) 
60 TO 5 

c 
C 
C STORE VALUES FOR TH=O 

345 IF 6KT.EQ.l) GO TO 360 
t 

350 DO 351 I*lrlZ 
S.llOCIl=SH(I) 
FO(I)=F(I) 
THOCI)=TH(I) 
DTHOCIl=DTH(I) 
STO(Il=ST(Il 
DSTO(I~=DST(Il 
REXD(I)=REX(Il 

351 CONTINUE 
DO 352 1=13,36 
STO(I)=ST(I) 
DSTO(I)=DSTTI) 
REXD(I)=REX(I) 

352 CONTINUE 
FACTD=FACT 
DFD=DF 
DO 353 I=lr4 

353 NRNO(Il=NRN(Il 
DO 354 1=1.40 

354 KOHNTO(I)=KOtlMNT(I) 
GO TO 5 

C 
C COHPUTE STANTON NUflBER AT TH=O AND TH=l BY LINEAR SUPERPOSITION 
C 

360 FAVO=O. 
FAV=O. 
THAVO-0. 
TNAV=O. 
DO 361 1=2.12 
THAVD=THAVO+THO(I) 
THAV=THAV+TH(I) 
FAVO=FAVO+FO(Il 
FAV=FAV+F(l) 

361 CONTINUE 
THAVO=(THO(11)+THO(l2))/2. 
fHAV=(TH(ll)+TH(lZ))/~. 
FAVO=FAVO/ll. 
FAV=FAV/Il. 
FBAV=.5*(FAVO+FAV) 
STNDBCl)=STO(l) 
STCR(ll=STO~1)/STNOBO 
STNOBCl)=ST(l) 
STHR~l)=ST(1)/5TNOB(l~ 
STHRBCIl=STHR(ll 
TH(l)=TH(Zl 
TNO(l)=THO(Z) 
DO 362 I=2012 
DENOH=(TH(I-l)+TH(I))/2.-(THD~I-l)+THO(I))/2. 
STS(I)=CSTO(I)-STCI))/DENOM 
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205 DNUn=CTHO(I-l)+THO(I))/2. 
206 STCOLCIl=STO(Il+DNUM*STSIIl 
207 DNUM=(TH(I-l)+TH(Il1/2.-1. 
208 STHOT~Il=ST(I1+DNUM~STSO 
209 FBCIl=O.S*~FO(Il+F(Il~ 
210 ETA(Il=STS(Il/STCOL(Il 

COHPUTE STANTON NUMBER RATIO FOR TH-1 (IF La2 USE FLAT PLATE 
EXPERIMENTAL DATA) 

211 IF (L.EQ.2) GO TO 374 
212 STN08(1~=.0295*PR*+(-.41*~REX~111**~-.21 
213 IF ~L.EQ.I)STNOB(Il=STNOB~I)r(l .-(XVI/(X(I)-XVOll**o)*+ 

l[-1.19. I 
214 374 STHR(Il=STHOT(I1/STNOB(Il 

C COflPUTE STANTON NUMBER RATID FOR TH=O (IF L=O USE FLAT PLATE 
c EXPERIMENTAL DATA) 

215 IF (L.EQ.21 GO TO 375 
216 STNOB~Il=STNOB(I)*(REX(I)/REXOo)xr(O.tl 
2X7 IF ~L.EQ.llSTNOB(I)=STNOBow(l .-(XVI~FACTO/REXO(Il)++o)+r 

l<-1.19.) 
218 375 STCR(I1=STCOL(Il/STNOB(Il 
219 STSR(I)=STHOT(Il/STCOL(I) 
220 BHCOL(Il=FO(Il/STCDLO 
221 BHOT(Il=F(Il/STHOT(Il 
222 STSF(Il=ALOG(1.+BHOT(I))/BHOTo 

: 
CORRECT STANTON NUMBER RATIO FOR TH=l TO COMPARAdLE TRANSPIRATION 
CASE USING ALOG(l.+B)/B EXPRESSION 

223 STHRB(II=STHR(I)/STSF(Il 
224 STSR(Il=STSR(Il/STSF(Il 
225 SF(Il=F(Il*STHOT(Il 
226 SFO~Il=FO(Il*STCOL(Il 
227 362 CONTINUE 
228 DO 363 1=13,36 
229 STS(I)=(STD(Il-ST(Ill/(THAV-THAVO) 
230 STCOL(Il=STO~Il+THA'~O*STS~Il 
231 STHOTCI)=ST(I)+(THAV-l.O)rSTSo 
232 ETA(Il=STS(Il/STCOL(I) 

C COMPUTE STANTON NUMBER RATIO FOR RECOVERY REGION, TH=l 
233 IF (L.EQ.2) GO TO 372 
234 STNOB(I1=.0295*PR**(-.4)*(PEX(I))w+o 
235 IF ~L.EQ.~~STNOB(I~=STNOB(I~~~~ .-(xvI~(x(x)-xvojI++~o.9~~** 

l<-1.19.) 
236 372 STHR(I)=STHOT(Il/STNOB(Il 

C COMPUTE STANTON NUMRER RATIO FOR RECOVERY REGION, TH=D 
237 IF (L.EQ.21 GO TO 373 
238 STNOB(I)=STNOB(I3*(REX(I)/REXOolrr(O.Z) 
239 IF (L.EQ.1lSTNOB(Il=STNOB~I~~(l .-~XVI~FACTO/REXO(Il)r*o)wr 

I(-1.19.) 
240 373 STCR(Il=STCOL(I1/STNOB(I1 
241 STSR(Il=STHOT~Il/STCOL(Il 
242 363 CONTINUE 

C COMPUTE DEL2 AND REDELZ BASED ON ST-DATA AT TH=O AND TH-1 
243 STCOL(ll=STO(l) 
244 STHOT(l)=ST(ll 
245 STS(ll=STO(ll-ST(I) 
246 DO 370 X=1.12 
247 FH(Il=F(Il 
248 370 TH(Il=l.O 
249 CALL ENTHAL (FACT,STHOT,RENHOT,ENDZl 
250 Dp 450 I=1012 
251 F(I)=FO(I) 
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252 
253 
254 
255 
256 
2S7 

256 
259 
260 
261 
262 
263 
264 
265 

266 
267 

268 

269 

270 

271 

272 
273 

274 
27s 

276 
277 

276 
279 

280 
261 
282 
283 
264 
265 

286 

287 
266 
289 
290 

291 

THCI>=O. 
450 DTH(I)=DTHO(I) 

DF-DFO 
DO 460 I=lr36 

460 DSTCIl=DSTO(I) 
CALL ENTHAL (FACTO,STCOL.RENCOL,EHDZ) 

C 
IF (IPRINT.NE.l) GO TO 462 
NRITE (6,900) 
YRITE (6,401 !NRNO(Il. I-1,41 
URITE (6.610) (KOMNTO(I1. 1=1.401 
WRITE (6,401 (NRN(I). I=lr4) 
WRITE C6.6101 (KOMMNT(I), 1=1.40) 

462 URITE (6,371) (NRNO(I)r 1=1,4l.(NRN(I), X=1.4) 
371 FORflAT (10X1 ‘LINEAR SUPERPOSITION IS APPLIED TO STANTON NUIIBER’, 

1' DATA FROH’/lOX.‘RUN NUMBERS ‘.4AZ.* AND ‘r4A2,’ TO OBTAIN’ 
2r' STANTON NUMBER DATA AT TH=O AND TH=l*/l 

WRITEC6.364) 
364 FORflAT (/,7X. ‘PLATE’,3X,‘REXCDL’,4X,‘RE DELt*r3X.*STTTH=O)‘,4X. 

l’REXHOT’,4X,‘RE DEL2’,3X,‘ST(TH=1)*,4X,*ETA’,4X,*STCR’,4X,*F-COL*, 
2SX,‘STHR’r4X.‘F-HOT*,4X,*LOGB’/) 

WRITE(6,3651 (I,REXO(I),RENCOL(I),STCOL~IT,REX~I~,RENHOT~I~. 
1STHOT(I),ETA(I),STCR(I)rFOo.STHR(I).FH~I~ .5THRB(1)~1=1.12) 

365 FOR~AT~~1OX.I2.2~2X.F9.l~rlX.F9.612(2X1F9.l~,lX,F9.6,2~2X,F5.3~, 
12X,F7.4,2X,F7.3,2X.F7.4.F8.3)) 

YRITE(6.366) (IrREXO(Il,RENCOL(I).STCOL~Il,REX~I~sRENHOTCIl, 
lSTHOT(I)rETA(I)rSTCR~Il,STHR~I~,I=l3,36~ 

366 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
lllX,F7.3)) 

IF (L.EQ.O) WRITE (6,505) 
505 FORMAT (//.10X, ‘STANTON NUMBER RATIO BASED ON ST*PR**0.4=0.0295*RE 

lX+r(-.z)') 
IF (L.EQ.1) WRITE (6.510) 

510 FORflAT (//,10X. ‘STANTON NUMBER RATIO BASED ON ST+PR**O.4=0.0295*RE 
1x**c-. 2l*~l.-~XI/~X-XVO~~**O.91**~-~.~9.~*~ 

IF (L.EQ.2) WRITE (6n.515) 
515 FORIiAT (//.10X. ‘STANTON NUMBER RATIO BASED ON EXPERIMENTAL FLAT PL 

IATE VALUE AT SAME X LOCATION’) 
WRITE (6.520) 

520 FORflAT (//,lOX.‘STANTON NUMBER RATIO FOR TH=I IS CONVERTED TO COHP 
1ARABLE TRANSPIRATION VALUE '/lOX,'USING ALOG(1 + 8118 EXPRESSION I 
2N THE BLOWN SECTION’) 

IF (IPRINT.EQ.0) WRITE (6,900) 
GO TD 5 

2000 .URITE (6.900) 
900 FORflAT (lH1) 

RETURN 
END 

FUNCTION TC(T) 
C FUNCTION CONVERTS TEHP FROM IRON-CONSTANTAN flV TO DEG F 

fti=-2220.703+781.25~SQRT(7.950762*0.256rT~ 
TC=Tfl+49.97-1.26E-03*Tn-.52E-O4~lHuTfl 
RETURN 
END 

SUBROUTINE TUNNEL 
C 
C THIS ROUTINE COtlPUTES THE WIND TUNNEL FLOU CONDITIONS 
P 
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z 
c 
c 
C 

z 
C 

292 
293 

: 
294 
293 

296 

297 

298 
299 
300 
301 
302 
to3 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
119 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 

C 
332 
333 
334 
$35 
336 
337 

UINF FREE STREAM VELOCITY (FT/SEC) 
TINF FREE STREAM STATIC TEMPERATURE (DEG F) 
RNOG FREE STREAM DENSITY (LBtl/FT3) 
VISC FREE STREAfl KINEMATIC VISCOSITY (FTZ/SECl 
CP FREE STREAM SPECIFIC HEAT (BTU/LBM/DEG R) 
PR FREE STREAM PRANDTL NUMBER 
Y FREE STREAM ABSOLUTE HUtiIDITY (LBM H2O/LBH DRY AIR1 

COMflON/ BLKl /PAMB.PSTAT,TRECOV.RHUM.PDYN 
COMHON/ BLK2 /UINF,TINF,TADIAB,RHOG,VISC.PR.CP1W 

SATURATION DATA FROM K AND K 1969 STEAM TABLES 
DIMENSION TEtiP(101.PSAT(10l,RHOSAT(lOl 
DATA TEMP/ 40.S 50.0, 60.0, 70.0, 80.0? 

1 90.0. 100.0, 110.0, 120.0, 130.01 
DATA PSAT/ 17.519, 25.636. 36.907, 52.301. 73.051, 

1 100.627. 136.843. 183.787, 244.008. 320.4001 
DATA RHOSAT/ .0004090, .0005868, .0008286. .0011525. .0015803. 

1 .0021381, .0028571, -0037722, .0049261. .0063625/ 
REAL NU,MFA,MFV.tlWA.tlWV,JF 
TAtlB=TRECOV 
DO 10 N=lr9 
IF(TEtlP(N).GT.TARB) 80 TO 20 

10 CONTINUE 
20. T = TEMP(N) 

EPS = T - TAHB 
VAPH = PSAT(N) 
VAPL - PSAT(N-1) 
VEPS - VAPH - VAPL 
RHOH = RHOSAT 
RHOL = RHOSATCN-11 
REPS = RHOH - RHOL 
RHOG = RHOL + (10.0 - EPS)*REPS/lO. 
RA=1545.32/26.970 
PC - VAPL + (10.0 - EPS)*VEPS/lO.O 
PUNITS=2116.21/33.932/12. 
P=PAHB+2116.21/29.9213 + PSTAT*PUNITS 
RHUtl~RHUfl/lOO. 
PVAP = RHUM*PG 
PA = P - PVAP 
RHOA - PA/(RA*(TAMB + 459.67)) 
RHOV - RHUflrRHOG 
H=RHOV/RHOA 
RHOM = RHOA + RHOV 
tlHA = 28.970 
nuv = 18.016 
HFV = ‘RHOV/RHOM 
HFA * 1.0 - flFV 
RH = 1545.32*(MFA/MWA + tlFV/MWV) 
CP - tlFA*0.240 + MFV*O.445 
6C832.1739 
JFm778.26 
RCF=0.7*r0.33335 

RECOVERY FACTOR FOR WIRE NORMAL TO FLOW 
RTC=0.68 
RHDG=~P/R~+PDyN*PUNITSwRCF/o)/~CP~JF~~/~TRECOV+459.67) 
UlNF=SQRT( ~.*GC*P~YN*PUNLTS/RHOG~ 
TINF=TRECOV-RTC~UINFuUINF/(t.rGC*JFICP) 
V1sC~tlL.*0.0175~TINF)/(1.E06*RHOG~~~l.-.7aW~ 
PR=.710*~530./(TINF+459.67~~**~.1~~~1.+.9a1H) 
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338 
339 
340 
341 

342 

343 
344 
345 
346 
347 
348 

349 

350 
351 
352 
353 
354 
355 

356 
357 

358 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 

369 
370 
371 

372 
373 
374 

375 

C 
C 

NOTE FOR HIGH VELOCITY THIS ROUTINE SHOULD BE ITERATED 
CONVERT TO ADIABATIC WALL TEMPERATURE 
RCF=PR**0.33333 
TADIAB=TINF+RCF+UINF+UINF/(Z.+GC+JFrCPl 

RETURN 
END 

SUBROUTINE FLOW (KERROR) 

THIS ROUTINE COMPUTES SECONDARY AIR FLOW RATES 

SAFRCI) SECONDARY AIR FLOW RATE CORRECTED FOR TEHPERATURE 
AND HUHIDIY CCFM) 

COllMON/ BLKl /PAUB,PSTAT,TRECOV,RHUM,PDYN 
COHflON/ BLK2 /UINF,TINF,TADIAB.RHOG.VISC,PR.CP,W 
COtlHON/ BLK3 /SAFR(12).CI(l2),SM(l2l,F(l2l,Kfl,AH.THEAT 
COflflON/ BLK4 /T0(45),TG(l2).T2(12).TCAST(8).TCAVCl2~,TH~l21 
DItiENSION X~5l,Y~5~.B~4lrFHC~12~,TH~l2~ 
DATA FMC/ 1.0. 1.122. .906, .989r .924, .905, .905. 1.017~ 

1 .912, .893r .915r .923/ 
CALIBRATION CURVE DATA 
DATA X,Y 10.35. 0.90, 1.12, 1.35, 1.5, 

1 53.0. 4.05, 2.00, 1.00. 0.691 
KERROR= 
DO 10 X11.4 

10 B~Il=ALOG(Y(I)/Y(I+l))/ALOGO/Xo) 
FACT=l.O+O.ZZ*W 
DO 20 I=2012 
IF (SAFR(I1.EQ.O.) GO TO 20 
TH IS ESTIMATE OF SECONDARY AIR TEMPERATURE AT FLOWMETER STATION 
Tfl(I)=. 5r(TG(I)+THEAT) 
SAFR~Il=SAFR~I~*~~~TH~Il+4S9.67)/530.~+*O.7l*FACT*~3O.OO/CI~I~l*~2 

1 *FHC(Il 
20 CONTINUE 

FACT=1.0+0.7*W 
DO 40 1=2,12 
IF (SAFR(Il.EQ.0.) GO TO 40 
IF (SAFR(I).LT.X(l).OR.SAFR(I)~GT.X(5)~ GO TO 100 
DO 30 K=lrS 
IF (X(K).GT.SAFR(I)l GO TO 35 

30 CONTINUE 
35 t=Y(K-l)*(SAFR(I)/X(K-1))*xBo 

SAFR(1)=2/((530./(TH0+459.67)1**0.761/FACT 
40 CONTiNUE 

NOTE UNCERTAINTY CALCULATION FOR FLOWRATE COMPUTED IN 
SUBROUTINE TZEFF 
RETURN 

100 WRITE (6,200) SAFR(I1 
200 FORt!AT (lOX.‘FLOWHETER READING OUT OF RANGE, EtlF=‘,E12.5r//lOX, 

1 ‘DATA SET REDUCTION TERtlINATED’l 
KERROR= 
RETURN 
END 

SUBROUTINE TZEFF CQFLOW) 
C 
C THIS ROUTINE COMPUTES 
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KFLtIl EXPERItlENTAL CONDUCTANCE FOR COMPUTING QFLOW 
KCONVCI) EXPERIHENTAL CONDUCTANCE FOR COMPUTING TZEFF 
12(I) EFFECTIVE SECONDARY AIR TEEPERATURE 
OFLOW ENERGY LOSS FROM PLATE TO SECONDARY AIR 
TN111 THETA=CTZ-TINF)/CTO-TINF) 
SNCI, VELOCITY*CE,NSITY RATIO, SECONDARY AIR TO tlAiNSTREAtt 
FCI) FlASS FLUX RATIO. SECONDARY AIR TO MAINSTREAM, WHERE 

F=H*AH/CP*P) 
ci 

376 COUUON/ BLKl /PAtlB.PSTAT,TRECOV.RHUM,PDYN 
377 COHHON/ BLK2 /UINF,TIN F,TADIAD,RHOG.VISC.PR.CP.W 
376 COtltlOH/ BLK3 /SAFRCl2),CIC12),SMCl2l,FCl2l,KM.AH,THEAT 
379 CGflflON/ BLK4 /T0C45).TGC12),T2C12),TCASTCl2~,TCAVCl2l,THCl2~ 
380 COttflON/ BLK6 /DXVO,DEND2.DF,DREENC36l.DSTC36~,DQDOTC36~.DTHCl2l 
361 REAL KCONVClZ)rKFLClZ)rKL,KR 
382 DIMENSION QFLOWCl2) 
383 KL=.S 
384 KR=.S 
385 CALL CAVITY CKLoKR) 
386 FACT=.074843+.24*60. 
387 QFLOWCll=O.O 
388 HOLE9=9. 
389 HOLE8=8. 
390 DO 16 1=2,12,2 
391 KCONVCI)=O. 
392 KFLCIl=O. 
393 IF CSAFRCI1.EP.O.) GO TO 16 
394 IF CKH.NE.11 GO TO 8 
395 HOLE9=5. 
396 IF CI.EC?.4.OR.I.EQ~.8.OR.I.EQ.l2l HOLE9=4. 
397 8 SAFRCI)=SAFRCI)+9./HOLE9 
398 KFLCI)=0.0177*SAFRCI)+w0.5480+HOLE3 
399 KCONVCI)=0.0179*SAFRCI~**O.5662*HOLE9/FACT 
400 16 CONTINUE 

c KFL COtlPUTED FOR 8 HOLE ROW USING FACTOR HOLE9 INSTEAD OF HOLE8 
401 DO 26 1=3.12,2 
402 KCONVCI)=O. 
403 KFLCI)=O. 
404 IF CSAFRCI).EQ.O.) GO TO 26 
405 SAFRCIl=SAFRCI)*9./HOLEa 
406 KFLC1)=0.0177+SAFRCI)wr0.5480xHOLE3 
407 KCONVCI)=0.0179+SAFRCIl**O.S662*HOLE9/FACT 
408 26 CONTINUE 

CC EFFECTIVE ‘TZ’,AND ‘QFLOW’. 
409 DO 30 1x2,12.2 
410 IF CSAFRCI1.EQ.O.) GO TO 31 
411 I'F CKfl.NE.1) GO TO 33 
412 HOLE9=5. 
413 IF C1.EQ.4.0R.1.EQ.8.0R.1.EQ.121 HOLE9=4. 
414 33 SAFRCI)=SAFRCI)*HOLE9/9. 
415 lBAR=CTOCI)+TCAVCI-l))rO.S 
416 IF (I.EQ.2) TBAR-TO(I) 
417 IF CI.EQ.21 KCONVCI)=KFLCI)/FACT 
418 T2CI~=TGCI~+~TBAR-TGCI~~~~l.-EXP(-KCONV(Il~SAFR(I))) 
419 QFLOWCI)=KFLCI)*CTDCI~-T2CIl) 
420 GO TO 30 
421 31 T2CI)=TOCI) 
422 QFLOWCI)=O. 
423 30 CONTINUE 
424 DO 40 1=3,12,2 
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425 
426 
427 
428 
429 
430 
431 
432 
433 
434 

435 
436 

437 

431 
439 
440 

441 

442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 

456 
459 
460 
461 
462 

463 

464 

465 
466 
467 
466 

469 

IF CSAFRCIl.EQ.0.) GO TO 41 
SAFRCIl=SAFRCI1*HOLE8/9. 
fBAR=CTOCI)+TCAVCI-1))+0.5 
IF CI.EQ.3) TBAR=TO(I) 
T2CI~-TG~I~+~TBAR-TG~I))ro.-EXPC-KCONVCI~~SAFR~I~~~ 
QFLOW(I)=KFL(I1*CTOCI)-TZo) 
GO TO 40 

41 T2CIl=TOCIl 
QFLOWCI)=O. 

40 CONTINUE 
c 
C COHPUTE THETA=CTZ-TINF)/CTO-TINF) 

THCl)=O. 
DtHCl)=O. 

C DT: UNCERTAINTY IN TERPERATURE. F 
DTsO.25 

C DTZ, UNCERTAINTY IN T2t DEG F 
DTZt0.5 
DO 200 X=2.12 
THCI)=CTZCI)-TINF)/CTOCI~-TINFI 

C DTHCII: UNCERTAINTY IN TH(I) 
200 DTHCI)=SQRTIDTZ+*~+(TH(I~*DT~**~+~C~ .-THCIll+DT~**2l/CTOo-TIHFl 

FACT=AH/(2.+2./144.) 
IF CKtl.EQ.l) FACT=AH/C4.*4./144.1 
DO SO 1=2,12,2 
IF CKPI.NE.11 GO TO 48 
HOLE9=5. 
IF C1.EQ.4.0R.1.EQ.8.0R.1.EQ.121 HOLE9=4. 

48 F9=AH*60.+UINF*HOLE9*RHOG 
RHOS=RHOG*(TINF+459.671/~T2~1~+459.67~ 
SHCI)=SAFRCIl*RHOS/F9 
FCI)=SMCI)*FACT 

50 CONTINUE 
F8=AH*60.rUINF*HOLEBrRHOG 
DO 60 1=3.11.2 
RHOS=RHOG*(TINF+459.67)/~T2CIl+4S9.67) 
SMCI)=SAFRCI)*RHOS/F8 
FCIl=StlCI)*FACT 
ADJUST F.TH FOR P/D=10 
IF CKfl.EQ.l) F(I>=F(I-1) 
IF CKtl.EQ.11 TH(I)=THCI-1) 

60 CONTINUE 
SHCl)=O. 
FCll=O. 

DP : UNCERTAINTY IN MANOMETER PRESSURE , IN HZ0 
DP=0.008 
DSAFR: UNCERTAINTY IN SECONDARY FLOW RATE,RATIO 
DSAFR=O.OS 

DF: UNCERTAINTY IN F . RATIO 
DF=SQRT(DSAFR*DSAFR+DPxDP/(4.*PDYH+PDYN*PDYNll 
IF CSHC.?).EQ.O.O) DF-0.0 
RETURN 
END 

SUBROUTINE CAVITY CKL,KR) 

THIS ROUTINE COMPUTES TEST SECTION CAVITY TEHPERATURES 
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470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 

490 
C 
C 

z 

491 
492 
493 
494 
495 
496 

497 
C 

c 

c 

C 
498 

C 
499 

500 

501 

REAL KL,KR 
COMMON/ BLK4 /T0(45).TGC12l,T2Cl2)rTCAST~l2~,TCAVO,lHCl2l 
DELTl= TCASTCSI-TCAST(3) 
DELTZ- TCAST(S)-TCAST(2j 
TCAV(1)=KL*C.982*TCASTO+.987+TCASTo) 
TCAVCZ)=KL* (TCASTOl+TCAST(t)) 
TCAV(3l=KL*(TCAST(3)+.4*DELTl~+KR*~TCAST~2~+.4*DELT2~ 
TCAVC4)=KL*(TCAST(3)+.6*DELTl)+KR*(TCASTC2)+.6*DELT2) 
TCAV(S)=KL*(TCAST(3)+.833*DELTl)+KRr(TCASTC2)+.833*DELT21 
TCAVC6)=KL*(TCAST(5l*ICASTo) 
DELT3=TCAST(7)-TCAST(5) 
DELT4=TCAST(6)-TCAST(4) 
TCAVC7)=KL*(TCAST(S)+.333*DELT3)+KRr(TCASTC4)+.333*DELT41 
TtAVCB)=KL*(TCAST(5)+.5rDELT3)+KRr(TCAST(4)+.S*DELT4) 
TCAV(9):KLr(TCAST(5)+.667*DELT3)+KR+(TCASTC4)+.667*DELT4) 
TCAVCIO)=KL*(TCAST(5)+.633*DELT3 ) +KR*CTCASTC4)+.833*DELT4) 
iiiViill=KLw(TCASTC7)+TCAST(6)1 
TCAVC12)=KL*(1.G02*TCAST(7)+1.002*TCAST~611 
RETURN 
END 

SUBROUTINE POClER CTINF,QFLOW,A) 

THIS ROUTINE : 

(1) CORRECTS THE INDICATED PLATE POWER READING FOR 
YATTHETER CALIBRATION AND CIRCUIT INSERTION LOSSES 

(21 COMPUTES NET ENERGY LOST FROM PLATES BY FORCED 
CONVECTION HEAT.TRANSFER 

(31 COMPUTES HEAT FLUX FROM RECOVERY REGION PLATES 

COHHON/ BLK4 /T0(45)rTGC12).T2C12)1TCASTCl2~,TCAVO,THCl2~ 
COtlHON/ BLK5 /Q(12),HM(451,VAR(12)rPDOT(36) 
COflHDN/ BLK6 /DXVO,DEND2.DF.DREEN(36)rDST(36),DPDOT(36~,DTHCl2~ 
REAL KL.KR,K 
DIHENSION RO~12~,RBO~l2l.RR~12~.RLOO~l2~.RWAT~l2~,RON~l2l,RLCl2l 
DIt!ENSION XB~12l,PFLbW(l) .K(39),S(40) 

CONDUCTION LOSS CONSTANTS FOR TEST SECTION 
DATA K/ .8711. .6615r .6495. .5457r -5147. .4901, 

1 .4770, .4795..4325, .4865r -4287. -4772, 
HEAT FLUX METER CALIBRATION CONSTANTS NO 13-36 

2 34.00, 35.30, 35.04, 34.04, .33.64r 32.25, 
3 24.83, 34.04, 27.55, 31.55, 31.09. 31.80, 
4 34.01, 34.24, 32.21, 31.09, 24.50, 31.46, 
5 33.02, 39.35, 32.73. 23.60. 36.27, 33.24, 

HEAT FLUX METER CALIBRATION CONSTANTS NO 106-108 
6 32.53, 32.62, 36.65~. 

AXIAL CONDUCTION LOSS CONSTANTS 
DATA S/ 1.200 , 11~2.3, .950 . 6.23. 4.962, 5.014, 4.965, 

1 5.118, 5.153. 4.777, 4.494, 5.480, 5.020. 5.597. 
2 5.254. 5.169, 5.254, 5.356, 5.211, 5.370. 5.583, 
3 4.990, 5.435, 4.872. 5.557. 5.545. 5.585, 
4 4.983, 5.056, 6.34 / 

UATTtlETER CIRCUIT RESISTANCES 
DATA RO / 8.476, a.5951 8.500, 8.506, 8.478, 8.5711 

1 8.549, 8.641, 8.590, 8.638. 8.481, 8.5041 
DATA RBO / 8.386. 8.502. 8.426. 8.41R. 8.386. 8.471. 

1 8.445, 8.574, 8.509. 8.528, 8.391, 8.393/ 
DATA RR / 0.0408. 0.0541, 0.0406, 0.0411, 0.0413. 0.0412. 

1 0.0410, 0.0415, 0.0409, 0.0409, 0.0406, 0.0406/ 
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502 

SO3 

504 

SOS 

SOb 
SO? 

508 
SO9 
LIO 
511 

512 
s13 
S14 
515 
516 
517 
I16 
$19 
520 

121 

122 
523 
524 
,525 
526 
S27 
526 
s29 
130 
531 
132 
533 
s34 
I35 
I36 
537 
338 
539 

540 
541 

s42 

s43 

DATA RLOD/ 8.256, 8.331, 8.237. E.22lr 8.239. 8.269, 
1 8.227~ 8.238. 8.250, 8.253, 8.240. 8.2481 

DATA RYAT/ 8.400, 8.484. 8.379, 8.367. 8.405. 8.429. 
1 8.422, 8.541, 8.544. 8.413, 8.306. a.4111 

DATA RON / 8.3131 8.387. 8.281, 8.282. 8.316. 8.335. 
1 8.330r 8.455, 8.451, 8.428, 8.296. 8.2911 

DATA RL / 7.946. 7.945. 7.946. 7.946, 7.946. 7.946. 
1 7.946. 7.946. 7.946, 7.946, 7.946~ 7.9461 

DATA XB / 12*0 ./ 
DATA RA,XA,RV,RVW 0.064. 0.063, 7500.0, 53DO.O/ 

THIS BLOCK CORRECTS INDICATED WATTMETER READING USING 
C WATTflETER CALIBRATION EQUATION 

DO 10 x=1,12 
QP=QfI)/75. 
QCOR=PP+(0.0728*QP-0.O427*QP*QP-O.O292) 
QCOR=0.99*OCI)+QCOR*75. 

c 
C THIS BLOCK CORRECTS FOR UATTMETER INSERTION LOSSES 

VARR=RR(I)*VAR(I) 
SUHRO=RO~Il+VARR 
SUHRBQ=RBOt I )+VARR 
FPl=RWAT(I)/RVM+l. 
ZROSQ=SUMRO*SU~RO+(XB~I~+XA/FPl~*~XBO+XA/FPl~ 
ZRBOSQ=SUMRBO*SUflRBO+X9~I~*XB~I~ 
RVHONS=(RVtl/(RVtl+RON(I))lr(RVn/(RVn+RON(I~~~ 
ZVAlS9=(RV+RA+RLOD(I))r(RV+RA+RA+RLOD~I~~+XA*XA 
QCIl=PCOR+~ZROSP/ZREOSQl*~ZVALS~/RV)rRVMONS 

1 l FPl*FP1+(RL(Il/~RA+RLOD(Il~~ 
10 CONTINUE 

c 
THIS BLOCK CORRECTS POWER DELIVERED TO PLATES 
IN TEST SECTION FOR CONDUCTION.RADIATION, AND QFLOLl LOSSES 

SF=l. 
EPIIS=O.lS 
TAR=(TINF+460.)/100. 
KL-0.5 
KRgO.5 
CALL CAVITY (KL.KR) 
TUP=T0(45) 
TDOWN=TO(13) 
TW1=T0(45)+K(39~*Htl~45)/20.5 
TWlZ=T0~13~+K~13~*Hflo/20.5 
T0(131=0.75*T0~131+0.25*TW12 
T0(45)=0.75*.T0(45)+0.25*TWl 
IF (HH(l3).EQ.O.) T0(13)=0.5*(T0(12)*T0~131) 
IF (NH<45).EQ.O.l T0(45)=0.5*(T0(1)+T0(45)1 
DO 109 I=lrlZ 
TOR=tT0(1)+460.)/100. 
IF(I.EQ.1) GO TO 98 

GO TO 100 
98 OCOND=K~I~*~TO~Il-TCAV~I~~+S~I~~~TO~I~-TO~45l~ 

1 l S~I+l~*~TO~I~-TO~I*l~~ 
100 QRAD=ArSF*E~IS~.1714*(TOR*TORrTOR+TOR-7AR~TAR~TAR*lAR~ 

C 
C ENERGY BALANCE IS APPLIED TO PLATE 

OlOSS=OCOND*QRAO+QFLOU(Il 
I44 
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- 

54s 
S4b 
547 
S48 

549 
550 
s51 
152 
ss3 
554 
155 
S56 

557 

538 

St9 

b60 

161 

I62 

Sb3 
164 
565 
Sbb 

567 
sba 

S69 

570 
571 
S72 
I73 
574 
575 
576 
577 
578 

579 
580 
581 
se2 

ODOT(I)=Q(I)*3.4129/A 
109 CONTINUE 

T0(45)=TUP 
TOC13)=TDOWN 

C 
C THIS BLOCK COflPUTES HEAT FLUX FROM RECOVERY REGION PLATES 

SF=l.O 
EllIS=O. 15 
10137)=T0(36)-. 333*(TOC36)-TOC37)l 
S~13)=7.0*S(131 
TAR=tTINF+460.1/100. 
DO 200 I=13036 
TOR=(TO(I)+460.)/100. 

200 QbOT(I)=K(I)*HM(I)*(l.+~8O.-TO(I))/7OO.) 

ASSUME ALL PROPERTIES CORRECT, AFTER TEMPERATURE-HUMIDITY CORRECTION. 
DQ: ENERGY BALANCE ERROR, WATT 

DQr0.3 
DHII: UNCERTAINTY IN Hfl(Il,HV 

DHM=0.025 
DK: UNCERTAINTY IN HEAT FLUX METER CALIBRATION,RATIO 

DK=0.03 
DS: UNCERTAINTY IN CONDUCTION CORRECTION DN HEAT FLUX METER,RATIC 

DS-0.05 
DT: UNCERTAINTY IN TEHPERATURE, F 

DT10.25 
DQDOT: UNCERTAINTY IN HEAT FlUX,BTU/HR.SQFT 

DO 711 I=lrlZ 

SUBROUTINE ENTHAL (FACT,ST,REEN,ENDZ) 
COMPUTE ENTHALPY THICKNESS. ASSUMING THERHAL BL BEGINS AT 

MIDDLE OF PLATE 1. COflPlJTATION BASED ON CONTROL 
VOLUtlE FOR ENERGY ADDITION WITH BOUNDRIES PLATE CENTER 
70 PLATE. CENTERCEXCEPT PLATE 11 

COHMDN/ BLK3 /SAFR(1Z)rCI(l2l,Stl(IZI.Fo.KnrAHITHEAT 
COMMON/ BLK4 /T0(45),TG(12)rT2(12).TCAST~1.?),TCA’.’(12).TH(12) 
COMMON/ BLK6 ~DXVO.DEND2~DF1DREEN(j6).DSi(36)rDQDOT(36~~DQDOT~36~,DTH~l2~ 
DIflENSION ST(l)rREEN(l).D2(36l1DD20 
TN(l)-0.0 
DTH(l)=O. 
F(l)=O.O 
DX=l. 
DUX=. 515625 

DDX: UNCERTAINTY IN OX, IN 
DDX=O.OOS 
Dt(ll=ENDZ 
DDZ(l)=DENDZ 
IF CENDZ.EU.0.) DZ(l)=ST(ll*DX 
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183 IF~.NOT.END2.EQ.O.l GO TO 229 
c DDZCI): UNCERTAINTY IN ENTHALPY .THICKNESS, 02, IN 

184 DD2Cl~=S9RT~DX*DX*DSTCl~*DST~l~+STCl~*STCll*DDX*DDX~ 
48s 229 DO 230 I=ttlZ 
SOi D2CIl.D2~I-1~+~ST~I-l~+STCI~+2.*F~I-l~*TH~I-l~l*DX 
587 Al=STCI~*ST~I~+ST~I-l)rfT~I-ll+F~I~*FCI~*THCIl*THCI~+FCI-ll* 

lFCI-ll*lHCI-l)*THCI-11 
588 

189 
590 
s91 

S92 
193 
594 
593 

I96 
597 
598 
599 
600 

-IE=DSTCI~UDST~I~+DSTCI-~~UDST(I-~~+F~I~*FCI~*DTHCI~*DTH~I~+ 
1FCI-ll*FCI-l~*DTH~I-l~*DTH~I-l~+DF*DF*CF~I~*F~I~*TH~I~*THCI~+ 
2FCI'll*FCI-l)*TH(I-l)rTHo) 

230 DD2~Il=SORT~DD2~I-1~UDDZ~I-l~+DDX*DDX*AL+DX*DX*BE I 
02C131=02~12~+~ST~12~+2.*F~12~*TH~12~~*0X+ST~13~*DWX 
002~13~=SQRT~DD2~12~*DD2~12~+DDX*DDX+(ST~12~*STC12~+ST~13~*ST~13~ 

1+FCl2)*FC12)*TH(12)UTHo) .+DWX*DWX*DST(13)*DSTO+ DX*DX*( 
2DSTCl2~*DSTC12~+F~12~*F~l2~*DTH~l2~*DTHCl2l+DF*DF*FCl2~*FCl2~* 
3THC12)*TH(lZ))) 

DO 231 I-14136 
D2CIl=DZ~I-ll+(ST(I-l)+STCIll*DWX 
IF C1.EQ.14.AND.KM.EQ.1~D2~14~=D2~14~+2.*F~12~*TH~i2~*DX 

231 002(I)= SPRT~DD2~I-llrDD2~I-l)cDDX*DCX*~ST~I~*ST~I~+ST~I-l~* 
ltTCI-ill+ DWX*DWX*(DST(I)*DST(I)+DST(I-11*CST!I-1)1) 

CDflPUTE ENTHALPY THICKNESS REYNOLDS NUNBER FOR CENTER 
OF PLATE BASED ON DZ(I) FOR ENERGY ADDED TO THAT POINT 

DO 240 131.36 
REEN(I)=FACT*DZ(I) 

240 DREEN(I)=FACT*DDt~I~ 
RETURN 
END 

(DATA 
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Appendix IV 

STANTON NI!!ER DATA 

--Contained in this appendix is a numerical tabulation of the Stanton 

number data. Initial velocity and temperature profiles precede the data, 

and the sequence of data follows the discussions in Sections 3.3.1 

through 3.3.4. For the Stanton number data at each blowing ratio the 

experimental data at 8 = 1 and 0 = 0 are given first, followed by a 

sheet with the superposition-adjusted data to values at 8 - 0, 1 . 

Nomenclature 

CF/2 

CP 

DEL 

DEL1 

DEL2 

DEL99 

DELT99 

DREEN 

DST 

DTM 

ETA 

F 

F-COL 

F-HOT 

H 

LOGB 

Cf/2 l friction coefficient 

c , specific heat 

velocity or thermal boundary layer thickness (see DEL99 cr 
DELT99) 

% ' displacement thickness 

&2 ' momentum thickness 

velocity boundary layer thickness 

thermal boundary layer thickness 

uncertainty in ReA2 

uncertainty in St. 

uncertainty in 8 

11 - St@ - l)]lst(e - 0) 

blowing fraction 

F at 8-O 

F at 8-l 

velocity shape factor 

4 functiot: in 8 * 1 data correlation 
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n 

PORT 

PR 

RE DEL2 
RRENTH 
REH 

RHO 

ST 

STCR 

STRR 

T 

T2 

TADB 

TBAR 

THETA 

TINF 

To 
TPLATE 

U 

u+ 

UIW 

VISC 

XLOC 

blowing parameter 

topwall location where profile is obtained 

pr B Prandtl number 

R=A2 m enthalpy thickness Reynolds number 

W2 I momentum thickness Reynolds number 

-x ' x-Reynolds number, based on (X-XVO) 

density 

Stanton number 

St@ = o>/st 
0 l 

Note, St0 is defined at bottom of each 

summary data sheet. 

St@ - l)/Sto 

recovery temperature of temperature probe 

T2 ' secondary air temperature 

T, B L' , temperature to define Stanton number 

(To-T) / (To-T,> ( cr one minus that quantity in the second tab- 

ulated data columnj 

8 , temperature parameter 

mainstream thermocouple temperature 

TO 
, plate temperature 

velocity 

6 non-dimensional velocity 

L ' mainstream velocity 

LJ . kinematic viscosity 

x , distance from nozzle exit to probe tip 
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XV0 x vo ' distance from nozzle exit to virtual origin, turbulent 

boundary layer 

Y y , distance normal to surface 

Y+ r+ , non-dimensional y distance 
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l IL 062177 WFLCCITY AN0 TEMPERATURF PROFILES 

ICI - O.lCdi6E a7 REM - 24Sl. ICI4 - 1759. 

avc l 26.12 CM OFLZ - 0.229 CM OEH2 l 0.162 CM 
UI~C - 16.90 n/s OEL99- 1.994 CR DEL199 - 1.862 CM 
WlZC = c.l5836+C4 n2/5 DEL1 = 0.344 CM UlkF - 16.76 n/s 
FCC? - 3 

FF/2 
I 1.507 VISC = O.I5476E-04 W2/S 

ILCC - 125.22 CM * O.l71LOE-02 TlNF 
TPLATE : 

24.82 DEG C 
38.04 OEG c 

VtCPI Y/DEL UlW/Sl U/UINF Yt Lb+ YlCCt TlDEG Cl TBAR f8A.R 

O.CZS 0.013 
c.c30 C.Cl5 

6.57 
7.00 
7-M 
7.2e 
7.60 

7.89 
8.13 
8.32 
8.51 
8.67 

0.411 11.3 
0.412 13.5 
0.416 14.1 
0.429 15.8 
0.448 16.9 

0.465 18.1 
0.479 19.2 
0.490 20.3 
0.501 21.4 
0.510 22.6 

Q.91 0.0127 
9.9s 0.0254 

10.04 0.0381 
10.35 0.05cn 
10.81 0.0635 

11.22 0.0762 
11.56 o.otla9 
11.83 0.1016 
12.10 0.1143 
12.32 O-1270 

12.52 0.1397 
12.76 O.lS24 
13.13 0.1651 
13.29 C.177.3 
13.54 0.1905 

35.21 0.214 0.786 
31.99 0.458 0.542 
30.66 0.5SB 0.442 c,cn3 c.ci7 

C.C36 O.CIF 
O-C38 O-Cl9 

JO.09 0.601 0.399 
29.74 0.626 0.372 

o-c41 c.ctc 
O-C43 0.Oi2 
C.C46 C.C23 

29.55 0.642 0.358 
29.36 0.657 0.343 
29.13 0.674 C.326 

o.c4a 0.024 
c.csi c-025 

C-C53 C.C27 
C-C:6 C.C2e 
i.C61 O.C31 
O.Ct6 C-C33 
c-c71 C.036 

29.03 0.481 0.319 
28-82 0.697 0.303 

8.80 0.518 23.7 
8 -98 0.529 24.8 

20.77 0.701 0.299 
28.44 0.711 0.289 
28.56 0.717 0.283 
28.45 O-725 0.275 
28.35 0.733 0.267 

2a.26 0.739 0.261 
28.22 o-743 0.257 
28.14 0.749 o-251 
28.09 0.753 0.247 
2a.02 0.757 o-243 

9.24 0.544 27.1 
9.35 0.551 29.3 
9.53 0.561 31.6 

0.061 0.041 9.76 
O.C% c.c47 10.05 
a.107 0.053 10.25 
C.119 CmC6C 10.43 
0.145 0.013 10.75 

0. re3 C.CF2 
c.221 c-111 
C.259 C.130 
c.is7 c-149 
0.135 C.lC8 

il.oa 0.452 81-Z 
Il.38 0.67C 5a.2 
11 .C6 o.aa7 IlS.1 
ii.a4 0.697 132.0 
12.G9 0.712 148.9 

c.159 c.2cc 
C.450 o-225 
C.!13 c-257 

12.44 
12.66 
12.92 
13.22 
13.54 

0.575 36.1 13.87 a.2032 
0.592 41.7 14.28 0.2159 
0.604 47.4 14.57 0.2286 
0.614 53.0 14-03 0.24 13 
0.633 64.3 15.23 0.2540 

15-75 0.2667 27.93 0.7bS 0.235 
lb-la 0.2794 27-90 0.767 0.233 
lb.Sa 0.2921 27.82 0.773 0.227 
16.83 0.3048 27.77 0.777 0.223 
17.19 0.3302 27.66 0.705 0.215 

0.733 177.1 
0.745 199.1 
0.7bl 227.9 

17.b9 0.3556 27.58 0.791 0.209 
11.99 0.3937 27.42 0.803 0.197 
18.37 0.43ia 27.29 0.813 0.187 
la.80 6.4695 27.15 o.azl 0.179 
19.25 0.5207 26.99 0.835 0.165 

0.577 O.ZES 
C.tS3 C.327 

0.779 256.1 
0.196 290.0 

c.700 c-391 
c.907 0.455 
l-C34 C-518 

14.05 
14.47 

0.827 346.4 
0.852 4cz.a 
O.R77 459.2 
o-a98 515-b 
C-918 572.0 

19.97 0.5969 26.81 0.850 0.150 
20.58 O.bbCC 26.64 0.8b2 0.138 

14.ea 
IS.25 
15.59 

2I.lb 0.7239 26.48 0.874 0.126 
21.67 0.7074 26.33 0.885 0.115 
22-16 0.8509 26.21 0. a95 0.104 

25.97 a.313 0.087 
2s. 15 0.930 0.070 
25.39 0.957 0.043 
2s.12 0.975 O-023 
24.95 0.990 0.010 

24.85 0.998 0.002 
24.82 1 .c)OQ -0.000 

i.ltl C.5e2 
1.266 O-b46 

1.415 0.7c9 15.92 
1.542 0.773 16.23 

0.937 628.4 
O-956 684.8 
0.970 741.2 
0.981 797.7 
0.990 es4.1 

22.63 0.9779 
23.07 1.1049 

ii669 0.e37 IL.46 
1.X6 C.SCl lb.64 
1.523 L.St4 16.81 

23.41 I.3589 
23.69 1.6129 
23.90 1.8669 

2.c5a 1x28 
2.177 1.cs2 

16.St 
lb.99 
17.92 
lb.90 

0.996 910.5 
I.001 9hb -9 

24.05 2.1209 
24.15 2.3749 
24.20 
24.14 

i.'C4 I.155 
2.431 1.215 

1.002 1023-J 
1.000 1079.7 
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WA 062777 +** QISCPETE HOLE R!G l *4 NAS-S-14336 STANTON NUUBER DATA 

TdCC= 24.t!6 CFC C UINF- 16.80 H/S 
Fl’C= 1.178 KC/H3 VI SC= O.l5469E-04 HZ/S 
CP= IC13. J/KGK PR= 0.716 

l ***2500 FLAT PLATE HSL P/C-S++* 

PLCTE > REX TO 
1 127.8 0.1103bE 07 39.08 
i lZ2.8 0. 115@8E 07 3.9.Cb 
3 137.9 0.12 I35.E 07 3R.04 
4 143.c c. 1LbSlE 07 38.C4 
f 14e.1 C.l3;43E 07 36.04 
t 153.2 r?. 137S*E 07 3@.C2 
7 ILf!.Z 0.14>46Fr C7 38.02 
E IC3.3 0.14ecBE 07 3E.CO 
s 1tc1.4 C. 15441E 01 37.9c 

1c 173.5 3.16GClE 07 37.94 
11 17E.b c. 10553f 07 37.52 
12 le3.h 0.171C4E 07 37.94 
l? lF7.5 0.17524F 07 37.47 

s 14 152.1 C.li’bCt~E 07 37.27 
0 IC 1 192.7 0. IBC52E 07 31.39 

1t 1c= .,.4 C.lti377E 07 37.64 
17 14e.c o.lBeC3E 07 37.tb 
1E 2cc.c C.!B’;klE or 37.66 
1s icz.2 0. IS.?31 E G7 3?.ha 
2C 205.8 O.lY>lSE 07 37.71 
il 2CE.5 c. 1975'1E 07 37.66 
22 211.1 0.20CE3E 07 37.68 
22 213.7 C.2C36nE 07 37.51 
24 ilb.3 C.2C.t 53E C7 37.6/e 
2: 21E.S C. 2C435E 07 37.62 
2e 221.c C.21223F 07 37.23 
27 214.2 0.215CIE 07 37.&b 
2E 226.8 C.211Slf 07 37.85 
2s 229.4 O.?2C75E c7 37.62 
3t iz2.c C.2i35YE CT 37.92 
31 224.6 C.22(&3: 07 37.HO 
3i 227.3 O.ZLSZGE 07 37.71 
33 239.9 0.232l'lE 07 37.70 
34 242.5 C.2345HE 07 37.41 
If 245.1 c.23 Ia2E c7 37.64 
36 247.0 0.24ib7E 07 37.66 

REENTH 
0.17819E 04 
0.19334E 04 
0.2O386F. 04 
0.21695E 04 
0.22991E 04 
0.24254E 04 
0.2549Y1E 04 
O.Lh725E 04 
O.L793hE c4 
0.2J13UE 04 
O.>33lOE 04 
0.314d3E 04 
0.32349E C4 
0.328S7E 04 
0.334G7E 04 
0.33943E 04 
0.3451dk 04 
0 35051E 04 . 
0.33572E 04 
0.360Y2E 04 
0.3661 bE 04 
0.371j',E 04 
0.376btE 04 
0.32 14uE 04 
0.3:!70bE 04 
0.3’1213E 04 
0.39 122E 04 
O.SO25dE 04 
0.40733E 04 
0.41294E 04 
0.41d13E 04 
0.42330E 04 
0.42d42E 04 
0.43j!i%k 04 
0.430b7E 04 
0.44354F 04 

TIVF- 24.14 QEG C 
xyo- 26.1 CM 

STANTONNO 
0.2241ZE-02 
0.23452E-02 
0.2374?E-C2 
0.237LBE-C2 
0.23229E-02 
0.2256lE-02 
0.22S3LF-c2 
0.22173E-C2 
0.21/32E-02 
0.21541E-C2 
0.21L46E-C2 
0.212tilE-C2 
O.l9o34E-02 
C.lddbUE-02 
O.l9FL7E-C2 
O.lRJ5lE-02 
O.l0773E-C2 
o.la71zE-02 
O.l7ul>E-02 
0.19t35E-CZ 
0.1321 lE-02 
O.l02SRE-CL 
0.1907:)i-o2 
0.17769E-OL 
O.lBSLIE-C2 
O.l7116E-02 
0. rkithdE-02 
O.l9023E-02 
O.l7tJS4E-C2 
O.l03!~1E-02 
O.loc14E-C2 
O.l79LbE-02 

C.l8ZOOE-C2 
0.1 162 rF-.c2 
O.ldjOjE-02 
O.l5504E-02 

OS1 
0.563E-04 
0.570E-04 
0.573E-04 
C.S73E-04 
0.570E-04 
O.!ib7E-04 
C. 51rbE-04 
0.565E-04 
c. 5b4k-04 

0.564E-.04 
0.563E-04 
C. ShZE-04 
C.bBdE-04 
O.b94E-04 
0.711E-C4 
O.b76C-04 
O.h63E-04 
C.t61E-.04 
0. b50L-04 
C.675E-04 
0. t*bGF-04 
O.b14f-04 
0. bfl7E-04 
O.b61E-04 
C.69OE-04 
O.OlrlE-04 
0.691E-04 
0.7c4t-04 
0.639E-04 
C.b7'1E-04 
C.b76E-04 
O.bStiE-04 
O.Cb7E-04 
c.bfaE-04 
O.bBbE-04 
0. bdbfi-04 

DREEN 
6. 
6. 
4. 
7. 
7. 
7. 
8. 
0. 
8. 
9. 
9. 
9. 

1’0: 
10. 
10. 
10. 
IC. 

:,“: 
10. 
10. 
10. 
11. 
11. 
11. 

::: 

::: 
11. 
11. 
11. 
II. 
12. 
12. 

ST~THEO) RATIO 
O.t0858E-02 1.075 
0.20655+02 1.135 
0.20464E-02 1.160 
0.20283E-02 1.170 
0.2011 lE-02 1.155 
O.l9947E-02 1.131 
O.l979LE-02 1.133 
O.l9h'13E-02 1.129 
O.lY5OI;E-02 1.114 
O.l9364E-02 1.112 
O.l9L33E-02 1.105 
O.l9100E-02 1.114 
0.1901 SF-02 1.033 
O.l8354E-02 0.99s 
O.l0894E-02 1.049 
O.lBtt35E-02 0.914 
0.1 b777E-02 1.000 
O.lFl721E-C2 1 .ooo 
O.l8tb5E-02 0.960 
O.IBblOE-02 1.001 
O.i8557E-02 0.9e1 
O.l8504F-C2 0.9a7 
0. IB452E-02 1.034 
O.lLGOlE-02 0.966 
O.lb35CIE-02 1.010 
0. IBJOlE-02 0.935 
O.l0252E-02 1.023 
O.l8204E-02 1.045 
0. i al5 IE-02 0.986 
0.1611 lE-02 0.997 
0.1 tlOh5E-02 1.020 
O.l8OiOE-02 0.997 
O-17975:-02 1.002 
O.l7932E-02 0.994 
O.lld3.If-02 1.028 
0. i784bE-02 0.891 



Pllh 071277-l *a* CISCRETE HOLE RIG *** NAS-3-14336 sTA!itON NUMdER OritA 

TACti!= 24.31 DEC C UINfI ‘17.09 U/S TINF- as.le’dEG c 
PtJC- 1.142 UC/U3 VISC- 0.15928F04 HZ/J XYO- 23:rt CH 
CPB 1C14. J/KCK Pk= 0.117 

***25CC PSC U.O.4 P/O=5 TH-0 ~/VCF(flPTIMuHJ+*+ 

PLATF )r 
1 127.8 
2 132.8 
! 127.9 
4 143.0 
‘ 14E.l 
i 153.2 
7 1:e.z 
e 1t3.3 
5 lbt1.4 

1c 172.5 
11 179.6 
12 1i23.t 

P 1’ 
1; 

157.5 

r” 
1SC.l 

1‘ - 152.7 
!C 155.4 
17 158.C 
1c 2CC.6 
15 2c3.2 
2c 2CL.B 
il 2CE.5 
22 211.1 
2! 213.7 
24 21t.3 
25 210.9 
21 221.6 
27 224.2 
2E 226.8 
2S 225.4 
3c 232.0 
31 234.6 
3.2 2Z7.3 
32 235.9 

PEX TO 
0.11209E 07 37.07 
0.11754E 07 37.05 
0.1225SE 07 37.12 
0.12d44E 07 37.14 
C.IjJFSE 07 37.24 
0.13934E 07 37.20 
0.1447rE Cl 37.24 
a.ISCI'tE 07 37.20 
O.l55b?E 07 37.22 
c. 16114E 07 37.26 
O.lbbCOE 07 37.28 
C.172C4E 07 37.28 
G.17tlPc 07 36.50 
c. l)dSSiE 01 3t.44 
C.lh179E 07 36.52 
C.l84$IE 07 36.76 
C.ldl43E c7 36.80 
c. 1 SC24F 01 3h.84 
c. 193C4E 07 36.B8 
C.lS585E 01 36.36 
c. 146( t.E 07 3t.eb 
O.i314bE 07 36.86 
0.20427F 01 36.70 
C.ZOIC'rE 07 3c.e4 
O.ZS991E 07 36.86 
C.il272E 07 3t.65 
0.21552E C7 3t. 90 
C.ZlU33E 07 37.Cl 
C. 22 1 I4E 07 36.tl2 
0.22394E 07 37.c5 
C.22bl51: 07 37.Cl 
0.22951E 07 36.88 
C.Zj239F 07 3c.e4 

34 242.5 0.23520E 07 36.57 
35 245.1 0.23uOC~E 07 3c.10 
3C 24l.e C.24CfllE 07 36.76 

PEENTH 
0.17632E 04 
O.lR938E 04 
0.22173E 04 
0.2532bE 04 
0.204h5E 04 
0.3152GE 04 
0.34455F 04 
0.37354E 04 
0.40150~ 04 
0.42933E 04 
0.4560 1E 04 
0.4d3flOC 34 
0.53773E 04 
0.51277E 04 
0.51771F 04 
0.5225CE 04 
0.52711E C4 
0.53169E 04 
0.53blbE 04 
0.54565E 04 
0.54514E 04 
0.54~15!JF 04 
G.5'JilcJE 94 
O.!I!SL!~CE 04 
O.Sb3CUE 04 
C.50752E 04 
0.5720OE 04 
0.57671E 04 
O.SdldCE Cl4 
C.!iiI'jdTE 04 
C.S9*:+bE 04 
0.59>,?(1E 04 
0.599blE 04 
0.60418E 04 
O.t0892E 04 
0.6132bE 04 

STANTON NO 
0.254466-02 
Q.Z3605E-02 
0.25412E-02 
0.25120E-C2 
0.24162E-02 
0.23d23E-02 
0.22J38E-02 
0.22047E-02 
0.21lkiJE-C2 
0.20452E-G2 
O.Z0265E-02 
0.20j7bE-02 
O.l8672E-C2 
O.l744’IE-C2 
O.l7724E-C2 
o.lbJb.?E-02 

O.l6395E-02 
0 IbZC!i~-02 . 
0.15620E-02 
0.16365E-.02 
O.l5554E-C2 
O.l5962E-02 
0.1 t 343E-C2 
O.l55:lbE-02 
O.lbLZ7F-C2 
O.l.S444E-02 
0.16424E-02 
O.llObbE-02 
O.l5Y12E-02 
O.l63CjE-C2 
0.1 b544E-G.? 
O.l(rCUlF-c2 
O.lbZ84E-02 
O.lbZZLJF-02 
O.lbd03E-C2 
O.l432dE-02 

dsr 
0.607E~O4 
0.5S6E-04 
0.604E-04 
C.601E-04 
0.591E-04 
0.5UdE-04 
C.58iE-04 
@.5dOF-04 
C.575E-04 
0.569E-C4 
0.567E-04 
0.5bOL-04 
0.647E-04 
O.t5bE-04 
0.(,52E-04 
C.618E-0% 
0.613E-C4 
O.hL'BE-04 
O.SUTF-04 
O.b05E-04 
0.5a3t-c4 
C.CC+E-04 
G.bllE.-04 
O.SYlC-04 
O.b13E-04 
0.576E-04 
O.bZlE-04 
C.643E-04 
0.565E-134 
C.62:E-04 
0.622E-04 
O.bC&E-04 
0.611E-04 
0.595E-04 
C.bGLE-04 
0.654f-04 

lkCERT!IhtY I& REXa12997. lJNCEHTA!NTY IN F=O.OSOJI IN RATIO 

CREEN 
Il. 
15. 
20. 
24. 
28. 
30. 
33. 
36. 
38. 
40. 
42. 
44. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 
45. 

n F T2 TWA 

0.40 0.0130 27.42 IO.tb8 
0.40 0.0131 27.41 ‘0.249 
0.41 0.0132 27.41 0.249 
0.39 0.0127 27.47 0.252 
0.40 0.0129 27.29 0.237 
0.40 0.0129 27.32 0.241 
0.39 0.0127 27.21 0.233 
0.39 0.0128 27.22 0.233 
0.40 0.0129 27.14 0.226 
0.40 O.Cl29 27.28 0.237 
0.39 0.0126 27.18 0.229 

Q.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 
0.023 



RUlr 0712tF2 *** OISCRETE HOLE RIG *** NAS-3-14336 STANTON NUMBER OATA 

TBtB= 25.17 DEC C UINF- 17.x3 n/s 
WC- 1. I.?7 UC/c13 VI cc- O.l6054E-04 HZ/S 

‘;VJ;* 25.04 OCG C 
. 23.3 CM 

CP= 1012. J/KGK PR- 0.715 

**‘25CC CCL p-C.4 P/O=5 TIN1 M/VCF~OPTIMUMJ**~ 

FlrTE X PEX TO 
1 127.e c.11147~ 07 41.84 
2 132.8 0.11669E 07 41.84 
? 127.5 C.12231E 07 41.87 
4 143.0 0.12773E 07 41.85 
s 4 148.1 0.13315E 07 41.53 
t 15?.2 0.13E57E C7 41.78 
7 158.2 0.145WE 07 41.55 
c 1tz.3 0.14S41E 07 41.93 
5 lte.4 0.1548jE 07 42.C3 

1C 17?.5 C.lbC24E 07 41.99 

;; lc3.t 176.6 C.IbStLE C.171CbE 07 07 42.08 42.21 
E 1’ lE7.5 C.17523E 07 40.47 

h, 
1; lSC.l C.177Q3E 07 4C.15 
I= 
1; 

152.7 C.ltli7tiE C7 4C.15 
155.4 O.lh355E O? 40.11 

17 i5e.c C.18t39E 07 40.03 
1c 2:c.t C.lBSlOE 07 39.94 
1: 2CZ.2 0.19157E 07 35.50 
2C 2C5.8 0.19477E 01 35.fib 
21 2Ce.5 0.1975CF O? 39.e2 
2i 211.1 C.ZGC35F 01 39.75 
23 213.7 0.20314E 07 39.65 
24 21e.3 C.20:54E 07 34.t4 
25 Ilk.9 O.ZOt?SE 07 35.62 
2t i?l.b C.21154E 07 39.41 
27 224.2 C.21433E 07 39.62 
2d 2Cb.0 0.217liE 07 3s.t5 
2c 225.4 O.Zl’.SlE 01 35.48 
3C 232.0 0.2227CE 07 39.62 
31 2Z4.6 C.ZLC4SE 07 39.60 
31 227.3 0.22k30E 01 39.43 
33 239.9 O.i3110E 07 3’i.43 
34 242.5 C.23389E 07 39.18 
35 2~5.1 0.23LtuE 07 39.31 
3t 247.0 0.23547E C7 39.31 

1hCFaTAlhfV Ih PEX=12925. 

REENTH 
0.17504E 04 
0.1874bE 04 
0.25939E 04 
0.3325OE 04 
0.40432E 04 
0.47420E 04 
0.545OdE 04 
0.61373E 04 
O.lt1113F 04 
0.7473tlE 04 
0.8 1526E 04 
0.8U126E 04 
0.94430E 04 
0.945Y5E 04 
0.34’162E 04 
0.94937E 04 
0.9511 tiE 04 
0.95312E 04 
0.95500E 04 
0.95713E 04 
C.Y5925E 04 
0.96143E 04 
0.96375E 04 
O.(ihbl IE 04 
0.9bd53E 04 
0.471 OlE 04 
0.97358E 04 
C.9r63tlE 04 
0.97919F 04 
0.9d19bE 04 
0.9fl4RZE c4 
0.99770E 04 
C.Y’)06 IF 04 
0.99355E 09 
0.996575 04 
0.99947E 04 

STANTCN NO 
0.25003E-02 
0.2083lE-C2 
O.l857OE-02 
O.l5177E-62 
O.l3521E-02 
O.l3380E-02 
O.lOrS4E-C2 
0.96197F-03 
0.935!~7E-Cj 
O.A451jE-03 
0.81 CLCE-C3 
0.7C32Jt-C3 
C.5S35isE-03 
0.5P5!1bE-C3 
0.6147JE-03 
0.63261 E-C3 
O.bbt!Ojf-03 
0.71464E-C3 
0.69267E-C3 
0.77373F-c3 
0.74422E-03 
O.elLOZE-03 
0.85356E-03 
0.03409+03 
C.84dYZE-03 
0.87.61 IE-03 
O.Y6315E-03 
O.lC’GjSE-C2 
0.4h481 E-03 
O.l0147E-C2 
O.l0325E-02 
O.l0350E-02 
0,1044dE-C2 
0.105bes62 
O.lllOOE-02 
O.qLCSCF-03 

OST 
0.474E-04 
C.452E-04 
0.441E-04 
0.430E-04 
C. 420E-04 
0.423E-04 
C.412E-04 
0.409F”04 
0.40bE-04 
0.40SE-04 
C.4CLE-04 
C.39>E-04 
0.245E-04 
C. 305E-04 
C. 3C3E-04 
0.307 E-04 
C.31 IE-04 
0.329E-04 
0.317E-04 
C. 336E-04 
C.334E-04 
0.35YE-04 
0.370E-04 
0.370E-04 
C.38Yk-04 
C.370F-04 
0.40lE-04 
0.4L8E-04 
0.3YLE-04 
0.423E-04 
C.425E-C4 
0.423E-04 
C.430E-04 
0.4lbE-04 
6.457E-04 
0.46UF-04 

UNCERTAINTY IN F=O.35035 IN RATIO 

OREEN 
11. 

5:: 
40. 
46. 
52. 
58. 
63. 
67. 
71. 
75. 
79. 
80. 
80. 
80. 
80. 
80. 
ac!. 
00. 
BC. 
80. 
80. 
80. 
00. 
80. 
80. 
80. 
60. 
BC. 
80. 
80. 
80. 
80. 
80. 
80. 
tie. 

n P 12 THETA DTH 

0.31 O.Ol20 40.83 0.940 0.0 II 
0.38 0.0122 41.32 0.967 0.01e 
0.37 0.0121 4i.40 0.973 
0.37 0.0119 41.37 0.967 
0.31 0.0121 41.42 0.978 
0.37 0.0121 41.28 0.960 
0.37 0.0118 41.42 0..910 
0.37 0.0119 41.26 0.955 
0.38 0.0122 41.24 0.956 
0.38 0.0123 40.93 0.932 
0.31 0.0121 40.09 0.920 

0.018 
0.018 
0.018 
0.0 18 
0.018 
0.018 
0.018 
0.01a 
0.018 



WI 011277-l *** t!SCnFlC WOLF R!G l *, WAS-~11336 

***ZSOC CSL ho-4 P/D-S TM-0 w/VCFtOP7ft~fl~*+* 

RUhO71277-2 l ** OISCPETF HOLE RlG +** WAS-f14336 

STAnTOn NUMBER MTA 

STANTON NUNlER CAT4 

a**ZSCC bS1 ho.4 P/Dm5 TM-1 ~/VCFlOp1IMUHI*** 

ClhEAQ SlPFpPIlSIlION 13 APPLlFO TO STAYTOld NUM8ER DATA FROM 
Plh hWaFo5 071217-I ArJO 071277-Z TO ORTAlN STALTCN NWCiER OATA Al 

Plllr: RCBCCL RE CELZ ST1 TH*Ol REXHOT aI! OEl2 STtWl=lt ETA STCR FCOL STtlR F-HOT LOCI 

1 llzcs3e.o 
2 11754!2.0 
3 122c1926.0 
: 133e514.0 12E442C.O 

5 13S?4CE.O 
7 14clSOt.O 
0 15C2?5S.C 
9 itttee5.c 

JC ltllJP3.0 
II lCC5E77.0 
I? 17iP!71.0 
13 l?cl~et,c 
14 1ltSt~l.C 
15 IFI7!15.0 
lb les6115.0 
17 1~7s!lt.O 
18 lSCz3tc.O 
19 19?0444.0 
IO 1Sfe:CS.O 
21 lSEbt74.6 
22 2c14638.0 
i? 2042iCi.C 
24 z'J7')532.0 
25 2C5SlC?.O 
it. 2127167.0 
27 21:51'32.0 
28 ilEJi9L.O 
g 22113b1.0 

2235425.c 
il 22t7sfl5.0 
32 2255t5c.o 
31 2?2!89C.O 
34 2:'.1555.C 
39 23~C(lS.O 
36 24cflce3.o 

1750.2 0.002545 1114723.0 
1 e5b.A 0.032471 116d915.0 
2O40.3 O.CC2755 1223107.0 
21Y3.7 C.002835 1271298.0 
2346.9 O.COZTel 1331490.0 
2497.4 O.CO2734 13')5682.G 
2642.5 0.002005 1439874.0 
2784.9 O.COL6C9 1494065.0 
2924.0 O.JO;CYb 1548157.0 
3050.1 O.COi4L5 1602449.0 
3190.1 O.CO2420 1656641.0 
3323.8 O.C1)?487 1710032.0 
3623.8 0.0132296 1752018.0 
3496.1 0.002135 1779927.0 
3546.4 C.CC2lf~2 189IBJb.O 
3604.5 o.ool'r74 lA3>819.0 
3659.9 0.001~66 186JF24.0 
3714.5 0.001925 lEOlY3L.O 
3767.7 0.001856 1919741.0 
3520.8 O.CClY27 1947650.0 
3873.5 0.0’)1828 1975559.0 

1750.4 0.002500 wuuu I*000 
1873.9 0.002058 0.157 1.054 
2630.5 O.COlBll 0.352 1.177 
3381.0 0.001539 0.457 1.195 
4114.5 O.CO1308 0.531 1.200 
4832.7 O.COl299 0.525 1.212 
5553.2 0.001052 0.595 1.161 
5262.9 O.COC9GS 0.653 1.177 
5552.9 O.WJO875 0.050 1.149 
7640.6 0.000172 0.582 1.126 
6343.9 0.000722 0.702 1.139 
9042.5 O.Cl’C561 0.774 1.168 
9719.7 O.COC4SM 0.001 1.169 
97)Z.b 0.000462 0.784 1.132 
9145.9 o.ooc491 c-773 1.090 
9760.1 o.coo525 0.734 1.075 
9775.3 O.COC564 0.713 1.047 
9791.8 O.OOC618 0.619 1.029 
96CCi.B O.OOtlbOO 0.677 1.035 
9816.) O.CO?bBZ 0.646 1.034 
9845.5 0.C0C658 0.640 1.004 
9964.8 O.OOC728 0.6C8 1.019 
9UOj.B C.GtiO170 0.594 c.994 
95~7.1 0.000756 0.5R2 1.019 
9929.1 O.c'OclBZZ 0.56C 1.007 
9951.8 a.~~~805 0.545 1.034 
991.5.5 o.cocM51 C.524 1.002 

10501.5 O.OOG973 0.495 1.014 
10027.7 O.CCCB98 0.502 1.007 
lOJ5J.S O.OOOV49 u.404 I.018 
lOGdO. O.OOC96b 0.482 1.012 
!0107.4 0.000974 0.459 1.002 
10135.7 O.C0(;9iJZ 0.452 1.013 
10162.3 0.000‘196 0.451 1.017 
lCl90.9 0.0@1049 0.440 I.018 
10218.3 O.COOJO9 0.451 1.042 

0.0000 
0.0130 
0.0131 
0.0132 
0.0127 
0.0129 
0.0129 
0.0127 
0.0128 
0.0129 
0.0129 
0.0126 

3925.4 O.COlBtO 2003~ba.o 
3978.2 0.01111197 ZC3137L.O 
403c.3 0.cc1010 Zq5Y42J.O 
4081.9 C.CO1866 2Qd74bS.O 
L'133.C C.CU1769 2115313.0 
CIU4.1 O.C3lflll 214JZRL.O 
4231.5 O.O31;31 ZI7llYl.O 
4293.0 O.COI802 2191100.0 
4341.1 O.')9IBJB 2227CO9.0 
43Y3.1 0.001064 2254917.0 
4444.5 O.OOlllO1 2202961.0 
4495.5 0.001ai5 2JllCO5.0 
4546.5 O.COl813 2333914.0 
4598.4 0.001012 236692J.O 
4548.0 0.001657 23947J2.0 

1.000 
0.87) 
0.753 
0.549 
0.553 
0.575 
0.469 
0.4CB 
0.403 
0.356 
0.340 
0.264 
0.233 
0.245 
0.240 
0.285 
0.301 
0.330 
0.335 
0.365 
0.361 
0.399 
0.434 
0.425 
0.443 
0.470 
0.477 
0.511 
0.502 
0.525 
0.524 
0.542 
0.545 
0.559 
0.571 
0.572 

0.0000 1.000 
0.0120 2.557 
0.0122 2.508 
0.0121 2.339 
0.0119 2.221 
0.0121 2.300 
0.0121 2.137 
0.0118 2.019 
0.0119 2.039 
O.Ol22 2.010 
0.0123 1.995 
0.0121 Ida24 

SlrNl0~ kurBFR RAT10 BASED 0~ ~XPERIHENTAL FLAT PLA~E.VALUE AT SAME x LOCATION 

SlIhTCh LUCBFA EAT10 FOR Tli-I IS CONVERTED TO COWARAULE lRANSPlRAT10N VALUE 
1SlhG ALCGll + Ot/B EXPRESSION IN THE BLOW SECTICN 



WA C72177-1 **.* DISCRETE HOLE RIG l ++ NAS-3-14336 STANTON hUI4EER DATA 

TAt0= 26.75 DEC C UTKF- 16.99 n/s TINF- 26.66 DEG 0 
PH= 1.173 KG/I43 VI SC= 0.15633E04 HZ/S XYO- 23.3 CM 
CP- 1012. J/KGK PR- 0.715 

l *‘25CC tiSL M-C.90 P/O-5 TH-C h/VCF(CPTIMUHI*** 

PLrTE x 
1 127.8 
2 132.8 
3 127.9 
4 143.0 
‘ s 14e.l 

c 153.2 
7 15e.2 
0 163.3 
5 160.4 

IC 173.5 
11 170.6 
12 1lZz.t 

lP7.5 
i: 15C.l 

1; 1‘ 152.7 155.4 
I? 1re.o 
le 2cc.c 

PEX TO 
0.1135% 07 37.68 
0.119C7E 07 37.50 
C. 1245SE 07 37.56 
O.l~CllE 07 37.5c 
0.13CL3E 07 37.56 
0.14115E 07 37.49 
0.14cblE 07 31.52 
0.152lSE 07 37.56 
0. 15171E 07 37.5E 
c. 16323F 07 37.b2 
0.161l75E 07 37.54 
C-1 7427E C7 38. I7 
C.17E4tE 07 37.14 
0. lU131E 07 37.cs 
C.l.r415E 07 37.09 
C.Ib7CIE 07 37.52 
c.Ib9et.E 07 37.64 
0. I527CE G7 37.64 

IS 2C3.2 O.lS555F 07 37.66 
2c 2cs.e c.1993~;~ 07 37.75 
21 2CE.5 C.iOlijE 07 37.73 
22 211.1 0.204CdE 07 37.79 
23 213.7 O.2C652E 07 37.17 
24 21t.3 C.2C’;7dE 07 37.05 
25 218.9 0.212t3E 07 37.92 
2t 221.6 0.21547E 07 37.13 
27 224.2 0.2lt132F 07 38.C2 
2E 226.0 0.22llbE 07 38.10 
25 229.4 C. 224COE 07 37.89 
3c 232.0 0. iZt05E 07 38.19 
31 234.6 0.22StSE 07 30.17 
3i 237.3 0 . 232cCE 07 30.CC 
33 239.9 0.235iiE 07 30.C2 
34 242.5 0.23C24E 07 37.60 
35 245.1 0.24109E 07 37.50 
3t 247.0 O.Z‘t353E 07 37.90 

LNCERTAIRTY IN PEX=13130. 

PEFNTH STARTCN NO DST 
0.17U3OE 04 0.2111bE-02 0. bb6E-04 
0.10996s CC 0.21150E-02 0.6726-04 
0.21021E 04 0.25454E-02 0.701E-04 
0.24976t 04 0.27434F-C2 C. 7 16E-04 
0.28105E 04 0.26316E-02 0. TCLiE-04 
0.3132LE 04 C.25473E-02 c. 7OOE-04 
0.34360f 04 0.24343E-02 O.bSbE-04 
0.37451E 04 0.245j3E-02 0.695E-04 
0.403OOF 04 0.24401E-C2 C. 693E-04 
0.43405E 04 0.23712E-.02 O.hrjot-04 
0.4625bE 04 0.24097E-CL 0. t9jE-04 
0.49319t 04 0.21+20E-02 O.L40E-04 
0.51306E 04 0.27t47E-C2 C. 953E-04 
0.5256bE 04 0.25506E-C2 C.943E-04 
G.53316E 04 C.27CQdE-C2 C.966E-04 
0.54041E 04 0.23E57E-C2 C.B113E-04 
0.54119F 04 0.237obE-02 0.87iE-04 
0.55395E 04 0.23744E-CZ 0.06&t-04 
0.56052E 04 0.2240dE-C2 0.016E-04 
0.5669bE 04 C.22SC5E-C2 0.035E-04 
0.57340E 04 0.22327E-02 0.013E-04 
0.57974E 04 0.2222YE-02 C.02@E-04 
O.Sdb07E 04 0.222ldF-C2 C.815E-04 
0.5322CE 04 0.21L93E-02 0.790E-04 
0.5983bE 04 0.215bOE-02 o.e04rz-04 
0.6’)439E 04 0.20022E-02 0.75YF-04 
0.61040E 04 0.2IJYIE-02 O.l96E-04 
0.61654E C4 0.21735F-02 0.000E-04 
0.62255E 04 0.204SIE-02 0.7413E-04 
0.62042E 04 0.2064%-C2 0.70s-04 
0.63439F 04 0.21070+02 0.762E-04 
0.6403 If 04 0.2O!ijOt-C2 C. ‘ISDE-04 
0.64615E 04 0.2052JE-02 C.771E-C4 
0 .b5202E 04 O.ZObtJUE-02 0.747E-04 
0.65795E 04 0.21036E-02 c. 794E-04 
0.66359E 04 O.I06OlE-02 0.793E-04 

UNCERTAINTY IN F=O.O5034 IN RATIO 

OREEN 

2:: 
42. 
53. 
63. 
71. 
70. 
05. 
91. 
96. 

102. 
107. 
109. 
109. 
1 CS. 
109. 
109. 
109. 
109. 
105. 
109. 
10s. 
109. 
lC9. 
109. 
109. 
109. 
109. 
1 c9. 
109. 
ICS. 
109. 
lC9. 
lC9. 
109. 
ICS. 

?I e 12 THETA 

0.92 0.0298 27.68 0.093 
0.94 0.0303 27.77 0.101 
0.91 0.0296 27.76 0.101 
0.91 0.0245 27.06 0.110 
0.90 O.C292 27.70 0.103 
0.91 0.0296 27.02 0.107 
O.Yl O.OL94 27.72 O.OYl 
0.41 0.0294 27.00 0.104 
0.90 0.0292 27.70 0.095 
0.92 0.0299 27.05 0.109 
0.90 0.0293 27.73 0.093 

OTH 

0.028 
0.028 
0.020 
0.020 
0.020 
0.020 
0.020 
0,020 
0.020 
0.020 
0.027 



TAKE= PI.EI OEG C UThF- 17.05 n/s tfNF= 28.75 DEG C 
RI-C= l.It4 KC/P3 VI SC- 0.15823&04 HZ/S XYO’ 23.x CM 
CP= 1013. J/NW Pa= 0.715 

‘**25CC tSL H=O.90 P/O-5 fH=l h/KF~OPTIW~~*++ 

FLATE X 
1 127.8 
2 132.8 
3 I?719 
4 143.0 
5 148.1 
t 152.2 
1 15f3.2 
E 1t3.3 
9 168.4 

1c 173.5 
11 17e.t 
12 lt13.6 
1' 
1; ::r:: 
15 152.7 
It 155.4 
17 1SE.C 
IE zcc.4 
1s 2C3.2 
ZC 2C5.13 
21 2C8.5 

PEX TO 
0.11262E 07 42.46 
0. I lo09E 07 42.4C 
0.123SH 07 42.31 
0.12904E 07 42.27 
0.1345lE 07 42.35 
O.I?STCrE 07 42.27 
I). 1454tE 07 42.4C 
c. 15cs4c 07 42.33 
0.15b41F 07 42.44 
C. 16 189E 07 42.46 
0.1673bE 07 42.54 
0.172tr4E 07 42.61 
C.177CGE 07 40.89 
C. 17962E 07 4C.64 
O.lB2t4E 07 40.64 
C.lM547E 07 40.74 
C.lS633E 07 40.74 
C.lOlIZE 07 4C.72 
0.19354E 07 4c. 58 
0.19h7tE 07 4C.60 
C.19YSRF 07 40.55 

22 211.1 C.ZOc4OE 07 40.53 
23 213.7 O.iO522E 07 4C.45 
24 
25 
2t 
27 
2e 
2s 
3c 

i1t.3 C.ZOtC5E 07 4c.43 
21e.9 C.2ICE9E 07 413.45 
221.6 0.21371F 07 4c.30 
224.2 C-21 t53E 07 40.43 
226.0 0.21934F 07 40.45 
225.4 C.22ZlCF 07 4C.32 
2,'Z.C 0.224YSE 07 4c.49 
234.6 0.227SOF 07 4c.45 
2'7.3 C.23CC4E 07 40.34 
239.9 C.23347E 07 4C.32 
242.5 0.23629E 07 40.07 
245.1 O.i3911F 07 40.20 
247.0 0.241S3E CT 4C.20 

31 
32 
33 
24 
35 
3t 

PEENTH STANTON NO 
0.17683E 04 0.2358lE-02 
0.18912E 04 0.213ClE-CZ 
0.33908E 04 O.t2281E-02 
0.49951E 04 0.21885E-02 
O.bS085E CC 0.19 lt~9E-02 
0.8OC54F 04 O.l7847E-02 
C.Y5S77E 04 O.l4334E-CZ 
O.lllObF 05 0.1370JE-02 
0.1259IE 05 0.13311E-02 
0.14091E 05 O.l2793E-02 
0.15569E 05 o.l2ca7+02 
0.17fJtidE OS 0.11463E-CZ 
0.18S24E 05 C.l0433E-02 
0.18553E 05 C.96237E-03 
0.18581E 05 o.lolYaF-02 
0.13609E 05 0.97957E-C3 
0.18637E 05 O.l0282E-C2 
0.19666E 05 O.lC476E-C2 
0.18696E 05 O.l0561E-02 
O.lR727E 05 0,11313E-02 
C.18750E 05 O.l0963E-C2 
0.1879GE 05 O.ll!iSTE-02 
O.IR024E 05 O.lLCS~E-CL 
O.laa58E 05 O.l1999E-02 
0.18H92E 05 C.l2331E-C2 
O.lt1927E 05 O.l2L5JF-02 
o.la963E 05 O.l3L73E-02 
O.lYGO.iE 05 O.l3911E-OL 
C.l'?G'tOE 05 O.l2974E-G2 
0.19077E 05 O.l3692E-C2 
0.1911bE C5 O.l4087E-02 
0.19156E 05 O.l314tiE-02 
0.19195E 05 O.l40TYE-C2 
0.19235E 05 O.l41~4E-02 
0.1927tE 05 O.l4627F-OL 
O.lY31St C5 O.l3116E-02 

DST 
0.554E-04 
0.543E-04 
0.552E-04 
C.SSZE-04 
0.535E-04 
0.531E-04 
C.5llE-04 
0.511E-04 
0.50bE-04 
0.5b3E-04 
0.4YrJE-04 
C.4Y3f-04 
0.3dlE-04 
C.43YE-04 
0.442E-04 
C.434E-04 
c.44bk-04 

0.456E-04 
0.443E-04 
C.(rbYE-04 
C.46lE--04 
0.409E-04 
0.503E-04 
O.SOSE-04 
C.S21E-04 
0.503E-04 
0.542E-04 
C.S64E-04 
0.517E-04 
C.561E-04 
0.56bE-QC 
0.55bE-04 
C.'JbYE-04 
0.552E-04 
C!.6C?E-04 
O.GCL)E-04 

OREEN 
8. 

39. 
69. 
89. 

105. 
120. 
132. 
144. 
154. 
164. 
173. 
182. 
186. 
186. 
186. 
186. 
186. 
18t. 
186. 
18C. 
186. 
106. 
18t. 
186. 
186. 
1B6. 
18t. 
18t. 
186. 
186. 
186. 
186. 
ld6. 
186. 
106. 
l&IL;. 

n c t2 WEtA 

0.19 0.0256 42.19 0.984 
0.04 Oa0273 42.11 0.985 
0.00 0.0260 42.14 0.990 
0.81 0.0263 42.32 0.998 0.023 
0.81 0.0263 42.39 1.009 0.023 
0.02 0.0266 42.30 0.990 0.023 
0.79 0.0255 42.50 I.013 0.023 
O.al 0.0161 42.38 0.995 0.023 
0.80 0.0259 42.40 0.995 0.023 
0.83 O.OL?O 42.33 0.985 0.022 
0.80 0.0259 42.33 0..979 0.022 

OTH 

0.023 
0.023 
0.023 

ChCEPTAlhfV Ih FEX=13030. UlrCERl41NTY IN F=O.O50)4 IN RAT13 



WI 072177-l l *. CISCIEtt HOLE n!G l ** NAS-+I4334 

#*@2500 bSt. N-C.90 P/O=) TM-C h/VCFtOPTtMUMJ+** 

Cub 012111-2 l ** CISCRETE HOLE RIG +** NAS-3-14336 

o*wcc ksi ~mc.90 P/o=5 ttmi ~P~CFI~P~~MIJM~*** 

STbWON NUMOER OATA 

STANTON NWIER CATA 

LlhEAfi ~LPEIPOSITILJN IS APPLtEO 10 STANTON NUMBER OATA PROM 
ILL hUI’BIIS 012171-1 AND 012171-2 TO ORTAIN STANTON NUHBER DATA AT TWO AND TN-1 

PLblF RFlCCL 

1 1135471.0 
i ilCOt71.0 
3 licsnl2.0 
i i3ClC72.C 
5 1356213.0 
6 141147?.0 
1 14bbt73.0 
8 1521E74.0 
9 1517c74.0 

1c 1e32274.0 
11 1te7475.0 
I2 174it7:.3 
13 17E4t27.0 
14 ldl3c5t.o 
I‘ IE4I4R4.0 
lb llllCC5C.O 
17 lBSa6lt.o 
IO l’r27C44.0 
19 lc15547i.O 
20 ISf3~CC.O 
21 iOlZ?ZF.O 
22 2C40757.0 
i3 2ctsle5.0 
24 2097751.0 
25 2126311.0 
26 215474t.O 
21 21e3ti4.0 
i5 Ztltf32.0 
29 2240t3 1.0 
30 22te45S.O 
31 2256fi87.1) 
22 21?5453.0 
33 23:CCIS.O 
34 2302447.0 
35 24lCe75.0 
36 2439303.0 

RE OEL2 ST~lH=OJ REXHOT 

1793.0 0.c02112 112~150.0 
1899.6 O.OG2113 1195891.0 
2029.1 O.CC2590 1235645.0 
2177.13 0.002~07 1290392.0 
z30.2 C.CC2716 1345139.0 
2578.0 O.OOZt38 lJ9Yeeb.0 
2621.2 0.002551 1454634.0 
21t2.7 C.Cf2576 1509381.0 
2906.6 0.002564 1564128.0 
3044.2 0.002493 1618875.0 
3183.3 O.OC2548 1673623.0 
3315.9 O.OOL256 t72d370.0 
3420.6 0.002905 llb997e.O 
3502.1 O.CO2742 1798173.0 
3582.4 C.CC2903 1826368.0 
3CbC.O o.ooi547 1854699.0 
3732.3 O.CO2’131 1093031.0 
ie34.2 
3874.0 
3942.3 
4010.5 
4071.5 
4t44.1 
4259.2 
4273.2 
4336.4 
43Y9.2 
4463.2 
4525.i 
45e6.9 
4648.9 

0.002521 
0.032377 
0. CC2423 
O.CO2363 
O.CO2345 
0.002338 
C.CC1236 
0. CC2260 
c.cc21e1 
O.OOC233 
0.002206 
c.c02131 
O.CC2IbI 
O.GOLl8l 

1911226.0 
193’142~.0 
19~~7615.0 
19951JlO.O 
2C24OC5.0 
2C52L00.0 
2OEO531.0 
2100863.0 
213105d.O 
2165253.0 
2193447.0 
2221643.0 
22Ci1337.0 
2278032.0 

4710.3 0.00Ll31 230631r4.0 
4770.9 0.002126 2.434695.0 
4831.7 O.CC214C 2.l62690.0 
4833.2 O.OfJ2175 239lOtJS.O 
4951.5 0.001922 2419280.0 

RE DEL2 

1168.3 
1891.2 
3413.1 
502Y.2 
65bb.3 
8105.9 
9635.4 

11151.2 
12629.0 
14133.6 
15015.4 
17156.2 
18620.2 
10641.6 
18674.6 
lB132.0 
10729.5 
19158.0 
187t11.G 
18317.2 
lll84B.O 
18879.1 
lBYll.9 
18945.3 
10979.4 
19013.9 
19s49.4 
19ilt17.4 
19124.9 
t9lb2. I 
14200.9 
19239.8 
1927d.l 
t93ta.i 
19350.4 
19JY7.9 

s’lttti-11 

0.0023sa 
0.002130 
O.CO2223 
o.co21e1 
O.COl912 
0.001788 
0.001437 
0.c01371 
0.001336 
O.CO1273 
0.001195 
O.CCll26 
o.colcoa 
0.000930 
0.000985 
O.COCY51 
0.c01001 
0.001021 
O.UOLO32 
O.COllGO 
o.co1073 
O.CCll34 
0.0011ue 
0.0311dl 
O.GO.1235 
0.c01208 
0.001311 
0.001375 
o.co1ze2 
0.001355 
0.001399 
O.COl3hl 
0.001395 
0.0131400 
0,001/r70 
0.001311 

ETA 

uuuuu 
l **** 

0.139 
0.223 
0.296 
0.322 
0.431 
0.465 
0.479 
0.489 
0.531 
0.501 
0.6b2 
0.661 
0.661 
C.621 
O.LO5 
0.596 
0.566 
0.543 
0.54b 
0.517 
0.492 
0.472 
0.454 
0.446 
0.413 
0.393 
0.398 
c.375 
0.362 
0.361 
0.344 
0.347 
0.324 
O.JIB 

STCR 

1.000 
0.9Cl 
I.081 
1.183 
1.169 
1.169 
1.137 
1.162 
1.180 
1.151 
1.199 
1.oto 
1.520 
1.453 
1.464 
1.388 
1.348 
1.350 
1.321 
1.301 
1.298 
I.205 
1.225 
1.25d 
1.220 
1.274 
1.196 
1.191 
1.191 
I.201 
1.101 
1.1@6 
1.181 
1.203 
1.183 
1.209 

STbN7Ck WI’SCR RLTIO BASFO ON CXPERtHENTAL FLAT CLATE VlLL!E AT SCM X LOCATlON 

FCOL STHR C-HOT LOGIl 

0.0000 
0.02 94 
0.0303 
0.0296 
0.0295 
0.0292 
0.0296 
0.0294 
0.0294 
0.0292 
0.0299 
0.0293 

1.000 
0.900 
0.93b 
0.919 
0.823 
0.792 
0.641 
0.621 
0.615 
0.591 
0.563 
0.529 
0.513 
0.493 
0.497 
0.5lE 
0.533 
0.545 
0.576 
0.534 
0.569 
0.621 
0.622 
0.665 
0.666 
0.706 
0.702 
0.723 
0.711 
0.750 
0.757 
0.758 
0.174 
0.1.35 
0.800 
O.a24 

0.0000 1.000 
0.02 56 4.251 
0.0213 4.447 
0.0260 4.285 
0.0263 4.204 
0.0263 4.235 
0.0264 3.973 
O.C255 3.875 
0.0261 3.975 
0.0259 3.927 
0.0270 4.019 
0.0259 3.832 

STlhTCL LUPBFR aAT FOR TP-1 IS CCNVFpTED TO COWPAAABLE TlANSPtRATlON VALUE 
CSlhG ALCG(l + It/B CXPRESSICN lh’ THE 8LOWN SECTlON 



Wh 082977-1 I** .OISCPEtE HCLE RIG l ** NAS-3-14336 STANTON NUMBER OAtA 

t0CO 27.25 DEC C UfNF- 16.80 H/S TINF- 27.12 OFG C 
PHtr 1.164 KG/M3 vrsc= 0.15723E-04 M2/S XYO- 26.1 CM 
CPS lCl6. J/KCK PP- 0.717 

'**ZSCO kSL Mal.25 P/D=5 TWO h/VCFI@PTlMUM~*** 

PLITE x FEX 10 
1 127.8 O.lOB58E 07 37.79 
2 132.8 0.114ClE 07 37.77 
3 137.9 0.11944F 07 37.79 
4 143.0 0.124ME 07 31.73 
5 1Ctl.l C. 13CZ';E 07 37.19 
c 153.2 C.1357ZE 07 37.73 
7 It?..? C.14115E 07 37.13 
E 163.3 0.14157E C7 37.79 
5 lee.4 C. 152C3E 07 37.77 

lC 173.5 O.l574?E c7 31.60 
11 17.E.t C.lbZbbE 07 37.75 
12 lE3.C C.16SZCE 07 37.71 

P l? le7.5 9.1724lE 07 35.26 
z 14 1SC.l C.lI’,ZCF 07 34.ec 

15 ISL.7 f?.l'laCiIE 07 34.04 
II 155.4 C. 1bCdlE 07 35.10 
I7 190.0 0.10 ?tZF 07 35.IC 
If 2CC.b O.lSb4lE 07 35.10 
:5 2c3.2 0.18921F 07 35.24 
2c 2C5.8 0.192COE 07 35.31 
21 228.5 C.lS4ECE 07 35.35 
22 211.1 0.1475LE 07 35.47 
23 213.7 C.ZCC34E 07 35.41 
24 216.3 O.Z')?ZGE 07 35.47 
2‘ . i1e.s C.ZCtClE 07 35.54 
26 221.6 O.ZOEECE 07 35.43 
21 224.2 C.ill63E 07 35.66 
2C 226.8 C.2143sE 07 35.73 
2S 225.4 C.21719F 07 35.62 
3C 232.0 0.2155aE 07 35.el 
31 234.6 0.2227SE 07 35.79 
32 237.3 C.2255YF 07 35.68 
3: 235.5 C.ZZS39E 07 35.68 
34 242.5 0.23ll9E 07 35.43 
35 245.1 C.23359E 07 35.60 
3t 247.0 0.2367t)F 07 35.60 

PEENTH 
0.17531E 04 
0.19898E 04 
0.2145bE 04 
0.24234E UC 
0.27!14E 04 
c.3c17fJt 04 
0.3304OF 04 
0 3’>940E 04 . 
0.3Sl28E 04 
0.41606E 04 
0.4433bE 04 
0.47438E 04 
0.49dr,GE 04 
0.5’3ttlLE 04 
0.51487E 04 
0.422L4E Ou 
C.53303E 04 
0.5373&E 04 
0.5443lE 04 
0.5511*E 04 
0.55783E 04 
C.!~h't27E 05 
0.57041E 04 
0.57602E 04 
0.5329ZE 04 
0.5SS9IE 04 
0.594SlE 04 
0.60074E 04 
O.lObC;tiE 04 
0.61231F 04 
0.6199bE 04 
0.62372E 04 
0.6292BE 04 
0.63432E 04 
0.64040E 04 
0.64567E 04 

STANTON NO 
0.25CCbE-C2 
0.25302+02 
0.2bdb9E-02 
0.29v2SE-02 
0.30!122E-C2 
0.30161t-02 
O.Zf?d14E-C2 
O.LtibY'IE-C2 
0.291SlE-CZ 
0.2ti369E-CL 
O.ZUJdlE-C2 
O.Zfi672E-02 
0.21h37E-02 
O.Z03FbE-C2 
0.29144F-C2 
0.26ullE-02 
C.26376E-02 
0.2h327E-02 
0.24046E-02 
O.Z4332E-02 
0.23463E-02 
O.iZtOGE-CZ 
0.2?b55E-02 
0.21751E-C2 
0.21971E-C2 
0.2C519E-C2 
0.212lbi-02 
0.21212E-CL 
0.2C4thE-C2 
0.2C%9lE-02 
0.20%3f-C2 
O.lYSOZE-C2 
C.lGSlGE-02 
0.197elE-C2 
0.20129E-Oi 
O.I?~BOZE-C2 

OS1 
C.?22E-04 
C1.726E-04 
C.73bE-04 
@.764E-04 
C.765E-04 
C.767F-04 
C.751E-04 
C'.750E-04 
C.755E-C4 
L'.75UE-04 
('.753E-G4 
0.755E"04 
C.9jYE-04 
C.lllF-03 
C.l13E-03 
O.l05E-03 
O.l04E-03 
O.IOZE-03 
C.949E-04 
L.553E-C4 
0.921E-04 
C.91OE-04 
O.S03E-04 
C.l3B3E-04 
C.fJSbE-04 
O.S31E-0'1 
C.O60E-04 
C.S56E-04 
C.RljE-04 
C.83YE-04 
('.S33E-04 
C.SlZE-04 
D.S15E-04 
11.791E-04 
C'.S41E-04 
D.BiLE-04 

LNCEPTllNTY IN REXrl2945. UNCERTAlP(TI IN F=O.O5037 IN RATYO 

DREEN 

3:: 
54. 
tc. 
83. 
94. 

104. 
113. 
122. 
129. 
137. 
144. 
147. 
147. 
147. 
147. 
147. 
147. 
147. 
141. 
147. 
147. 
147. 
147. 
141. 
147. 
147. 
147. 
147. 
147. 
147. 
147. 
147. 
147. 
147t 
147. 

n F t2 THETA 

1.24 0.0401 27.68 0.052 
1.19 0.0385 27.75 0.059 
I.26 0.0407 27.72 0.056 
1.20 0.0389 27.84 0.067 
1.28 O.C4LS 27.72 0.056 
1.21 0.0391 27.80 0.063 
1.24 0.0400 27.72 0.056 
1.19 0.0335 27.00 0.063 
1.24 0.0402 27.70 0.055 
1.23 0.03BS 27.9! 0.074 
1.24 0.0400 27.16 0.060 

otn 

0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0.029 
0. t29 
0.029 



WA 06297?-2 .@* OlSCWtt HOLE R!G *a* HIS-3-14334 STANTON WWUER DATA 

T@CC= 31-e; OEC c UINF= 16.95 n/s TfNF- 31.68 OEC C 
PI-C= 1.144 KG/M> VISC- O.l613BE-04 HZ/S XYOB 26.1 CM 
CP’ IClS. J/KCK Pfi- 0.719 

*a*2500 hSL C-1.25 P/O=5 TH-1 ~/VCF~OPTIHUWJ*~* 

PLITE 
12758 

FFX 
O.lk72E 

TO 
1 07 41.54 
2 i32.e O.JlZCSE c7 41.68 
3 137.9 0.11738E 07 41.59 
4 143.C C.12272E 07 41.55 
L 

; i4e.i 153.2 c.128~5~ 0.1333SE 07 07 41.57 41.5s 
I 158.2 0.1387.fE or 41.53 
e 163.3 0.144CbF 07 41.51 
5 1te.4 C.14’;jSE 07 41.59 

1c 173.5 0.154?3E 07 41.55 
11 17E.6 C.J60CLE 07 41.C6 
12 183.6 0.16534E 07 41.63 
1’ e lE7.5 0.16945F 07 3s.c3 
14 15C.l C.17220E 07 38.59 
15 192.7 0.17444E 07 38.59 
lt IS!. 4 c.1777cF 07 38.57 
11 JS&.!l O.JfjrJ46E 07 30.57 
l.! 2CC.6 O.ld321E 07 38.57 
1s i3?.2 O.lEjSt~E 07 38.46 

ZC 205.0 0.18S71E 07 38.46 
il 2CE.5 C.lrl45E 07 38.49 
22 211.1 0.194iGE 07 3l3.48 
22 213. 1 C.19CSSE 07 30.40 
24 216.3 O.lS5i’lE CT 38.48 
2: 21E.5 C.ZG247E 07 38.40 
2t 221.6 C.2(r522F C7 30.44 
21 224.2 C.iOlStE 07 38.51 
21? 22t.0 C.ZlC71E C7 30.53 
25 i29.4 O.ZIJGbE Ci7 38.49 
?C 23L.C C.ZlLLOE 07 3O.c,3 
31 2!4.C C.21 YSSE 07 38.51 
32 237.3 O.i?J71F 07 38.48 
33 239.9 C.22447E 07 38.46 
34 242.5 0.2&722F 07 30.16 
2s ii 247.U 245.1 0.23271E O.ZLrSlE 07 07 38.42 38.42 

REENTH 
0.17230E 04 
0.18533E 04 
0.3BY72E 04 
0.58314E 04 
0.7BROlE 04 
0.98530E 04 
0.11967E 05 
0.13951E OS 
O.lbOZlE C5 
0.17943E 05 
0.19535F 05 
0.21853E 05 
C.237tBE 05 
0.237IJbE tl5 
O.Z>BOOE 05 
0.2391 7E 05 
C.23035E 05 
0.23053E C5 
0.23971E 05 
0.23892E 05 
0.23912E 05 
0.23933E 05 
0.23955E C5 
0.23977E 05 
C.i!43@1E 05 
0.24025E OS 
O.L4’)4YE 05 
0.24075E C5 
0.24101E OS 
0.241LfiF 05 
0.24155E 05 
0.241t3x 05 
0.242LlE 05 
0.24239E 05 
0.2426UE 05 
0.2429!JE 05 

STANTON NO OS1 
0.24724E-02 
0.24131E-02 
O.Z6572E-C2 
0.27354E-C2 
C.Z6314E-CZ 
0.22tJ7OE-CL 
C. LSdtl’jE-CZ 
O.l8516E-02 
0. IBSULE-32 
0. LISJGE-C2 
O.l49C7E-02 
O.l3471E-CZ 
0.5HtEZE-03 
0.5076!E-03 
C.Sa*;!lE-o3 
0.63537E-03 
0.t56tl7e-03 
0.6541AE-03 
0.72GOlE-03 
0.7tou;E-C3 
0.7317LF-03 
0.70372E-C3 
0.81486E-03 
0.t3051 lx-C3 
O.M797@E-C3 
0.86225E-03 
0.9247AE-C3 
C.97355E-03 
0.91 BBIF-c3 
0.99271+C3 
C. 1 Cc? 75 E- 02 
0.99jYlF-03 
O.l0230E-02 
0.10146E-02 
O.lOULBE-02 
0.92LO)E-C3 

0.781E-04 
0.76bE-04 
0.794E-04 
C. BOOE-04 
0.791E-04 
0.764E-04 
C. 74tlE-04 
0.74 IE-04 
0.733E-04 
0.733E-04 
0. ?lOE-04 
0.707E-04 
C.420Em.04 
0.555f-04 
0.51YE-04 
C. SSSE-04 
0.533E-04 
C. 54i)E-04 
0.52tiE-04 
c. 535k-04 
0.53FE-04 
C. 573E-04 
C.SG3E-04 
C.589E-84 
C.597E-04 
0.591E-04 
O.bOlE-04 
0.614E-04 
0.5BtiE-04 
C.631E-04 
0.63i)E-04 
0.63ZE-04 
C.h2bE-04 
C.bJ JE-04 
O.h73E-04 
O.l6lE-04 

LkCEPTlIhTY 1N PEX=12723. UNCERTAINTY IFJ F=G.O5037 IN RATIO 

OREEN 

5;: 

1z: 
14e. 
169. 
188. 
205. 
220. 
233. 
246. 
259. 
265. 
265. 
265. 
265. 
265. 
265. 
2t5. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
265. 
2t5. 
265. 
265. 
265. 

N ? tt THETA 

1.14 0.0371 41.34 0.965 
1.08 0.0349 41.21 0.961 
1.14 0.0370 41.20 0.965 
1.09 0.0352 41.38 0.981 
1.16 0.0377 41.54 0.994 
1.09 0.0353 41.51 0.998 
1.12 0.0364 41.68 1.017 
1.06 0.0344 41.55 0.996 
1.10 0.0355 41.61 1.006 
1.09 0.0353 41.50 0.9til 
1.10 0.0359 41.41 0.978 

DTM 

0.031 
0.031 
0.031 
0.031 
0.031 
0.032 
0.032 
0.031 
0.032 
0.031 
0.031 



RUR 0829??-1 4.4 D!scRETE W)1t RIG l ** Ita-s-14ne 

r*+2scc hSL r-1.25 P/D=5 TWO h/vCFtCPtfwMJ*** 

*bC C829?1-2 l ** CISCRETC COLE RIG l ** NAS-3-14336 

sttlium wm oAta 

STANTON NUMOFR OATA 

l **;SOO hS1 P~1.25 P/D=S lH=l i/VCFiOPtlHU~l**~ 

tInfAn SUPf~PESIll~N IS APPLTFC TO STANTDN NUNBER OATA FROM 
CUb hUrPf@I 082917-l AN0 CBZPT?-2 TO OBTAIN STANTON NUMOER DATA AT 

RE DEL2 Sl~TH=Ol RExHOT 

1 1cc~Ise.a 1753.1 0.002505 1067152.0 
2 114cc74.0 1689.9 O.CC2537 1120496.0 
3 1194?51.0 2031.7 c.cozbee l173640.0 
4 124at21.0 2186.4 0.cc10c9 1227184.0 
5 13C2SC3.0 2351.‘6 o.oo?cel 1280529.0 
6 1357160.0 2519.c C.OO?OA6 133jo73.0 
7 I*llcl:r.O 2602.5 O.CC2538 l30721?.0 
8 14t57?i.O 2841.0 O.GO2934 1440561.0 
9 152ccc5.0 3002.5 o.ocz99a 1493906.0 

10 15742e5.0 3161.6 O.CO1873 1547250.0 
11 lb28562.0 331Y.l 0. ccis31 1600594.0 
I2 lbtJE3E.C 3479.5 O.CC2978 1653939.0 
13 1724CRE.O 3601.1 C.CO2912 1*9ccdo.c 
74 17:2L4c.o 3683.9 0.c03004 1721553.0 
15 1775593.0 3709.1 0.033085 1749425.0 
16 I8CariiO.O 305:.3 0. CCL708 1777033.0 
17 lE3blEC.O 3929.2 0. CO2702 18CCb36.0 
18 lBbC121.0 4OOb.6 o.cc2745 1E3LlOd.O 
15 le52c73.0 4000.3 0.00252d 1159500.0 
20 14idiZf.3 4151.5 0.007556 10e7053.0 
21 1547578.0 4221.7 C. CC2464 1914525.0 
22 1515!3C.C 42R9.3 0.002368 1941999.0 
23 2cc3Be3.0 4355.1 cl. COL371 19b9clo.o 
i4 2CZl57C.C 442c. 7 O.CO2275 1997075.c 
is 2CfC’:E.O C104.S 0.0022A3 2024btll.O 
iC 2CECLII.O 4546.9 0.c02102 2052153.0 
it ill:‘t!.O 4boe.c 0.002209 207Y626.0 
it3 2143!It.C 467C. I c.co22cs 2107098.0 
i9 217lttE.n 4730.8 o.c’)2131 2134571.0 
3c 2 159P20.0 4790.4 O.O@Zl2b 21b2’343.0 
?I 222?773.C 4850.0 O.O@2i32 2189515.0 
32 22:SebC.C 490n.r 0.00206) 2217120.0 
33 22r354e.o 4966.3 O.CCZC52 224472S.0 
34 2311so1.0 5023.6 0.002049 227ilPB.cJ 
35 2339e53.0 5081.4 o.co2ceI 2293671.0 
76 23t7tCS.C 5135.9 0.001011 2327143.0 

RE DEL2 ST~lH=l~ ETA STCR 

1123.0 0.002472 wuuu l.OCO 
1853.2 0.002409 0.051 1.082 
3966.0 O.CO2698 +**a* 1.132 
5972.0 O.CO2725 O.G94 I.268 
tlOtl9.V O.CO2619 0.150 1.32b 

10C97.9 0.002277 0.262 1.3bB 
12222.8 0.0019R5 0.324 1.310 
14210.6 0.001860 0.366 1.323 
16248.2 O.COIdlb 0.392 1.375 
ld17Ll.7 0.001754 0.389 1.334 
20159.5 0.001C81 0.495 1.380 
22ll7.0 G.001313 0.559 l.4CO 
240bb.9 0.000538 0.815 1.403 
24081.7 O.COC537 0.821 1.592 
24396.4 0.000532 0.028 1.556 
24ill.e O.COC585 c.790 1.519 
24128.2 O.O!IObl3 C.IEC I.482 
24145.1 G.CCObll 0.778 1.467 
24162.8 O.COCbB2 c.730 1.411 
24182.2 0.000723 0.711 1.371 
242Oi.7 O.CCCbYb 0.718 1.353 
24221 .b 0.000751 C.603 1.257 
2424~. 7 0.0007flt 0.670 1.243 
24Lb4.1 0.000774 C.66C 1.2.81 
24206.4 O.COCB51 O.b27 1.232 
24JOY.b o.coca35 0.617 1.275 
24333.4 O.COCllYB 0.594 1.183 
24358.8 O.OOG’348 0.570 1.159 
24384.1 O.COCOYI 0.581 1.191 
24409.8 0.0009b9 0.544 1.178 
24436.9 O.C31004 0.529 1.151 
244bC.I O.OCO972 0.529 1.141 
24491.2 0.001002 0.512 1.139 
24Sld.6 C.OOOYY3 0.515 1.149 
24546.9 O.OOlCb1 0.490 1.132 
24573.9 0.000902 0.502 1.139 

tk=O LNQ TH-1 

STChlCh hi!CBFI( RATIO BASED ON EXPEPlHENlAL FLIT PLATE VALUE AT SAHE X lOCATION 

C-COl 

0.0000 
0.0401 
0.0385 
0.0407 
0.0389 
0.041s 
0.0391 
0.0400 
0.0385 
0.0402 
0.03flG 
0.0400 

STHR 

1.000 
1.027 
1.136 
1.140 
1.127 
1.009 
0.885 
0.839 
0.836 
0.014 
0.697 
0.617 
0.274 
0.285 
0.268 
0.319 
0.326 
0.326 
0.381 
0.380 
0.382 
0.411 
0.410 
0.436 
0.459 
0.488 
0.481 
0.490 
0.499 
0.537 
0.545 
0.541 
0.556 
O.JS7 
0.577 
0.S67 

F-Nut loc8 

0.0000 I .ooo 
0.0371 5.650 
0.0349 5.578 
0.0370 5.823 
0.0352 5.675 
0.0377 5.832 
0.0353 5.370 
0.0364 5.424 
0.0344 5.289 
0.0355 5.395 
0.0353 5.172 
0.035e 5.030 

ZTlhlCN hUI’@ER RATIO FOP W-1 IS CONVERTED TO CCPPARAIME TRUISPIRATION VALUE 
USILG ILCG(l * Bl/6 EXPAESSION IN THE GLOWI SECTION 



REP 9 C.11524C 07 REM - 2615. RCH l 18900 

LVC - 21.48 CM ml.2 - 0.241 CN MHZ - 0.175 CM 
UIbf - lb.81 M/S OFLOP* 3.175 CM DE1199 = I.665 CM 
VISC - O.l5Sb4E-04 W/S CELP n 0.351 CM UINF - 16.91 n/t 
FCFl - 3 I 1.454 vrsc . QeUblZE-04 M2/t 
BLCC - 127.76 CM - O.lT028E-02 TINF - 25.87 DEC c 

TPlATE l 35.23 DFG c 

U+ ItCHI TtDCG-Cl TBbd TBbA 

O.Ci5 o.oce 8.28 0.491 11.4 
c.c30 c.010 8.60 0.510 13.6 
c. (51 C.Cl6 8.54 0.530 22.7 
C.CSb 0.018 9.35 0.554 25.0 
C.Ck3 C-Cl4 9.56 0.566 19.3 

11.89 
12.35 
12.84 
13.42 
13.72 

0.0121 37.51 0.058 0.942 
0.0203 37.33 0.013 0.927 
c.03c5 37.21 0.082 c.910 
0.0361 37.16 o.ckJ7 0.913 
C.0508 37.11 O.OSl 0.909 

a.cIb C.t24 9.80 0.581 34.1 14.07 0.0635 36.89 0.109 0.891 
c.ctl9 o.oze 10.01 0.593 39.8 14.37 0.0762 33.50 0.382 0.618 
C.IC2 c.032 10.14 0.601 45.5 14.57 0.0889 32.03 0.501 0.499 
c.114 O.C?b 10.35 0.613 51.1 14.86 0.1143 30.74 O.bOb 0.394 
c.127 c.04c 10.51 0.623 56.8 15.09 0.1397 30.07 O.hbO 0.340 

P 

5 
c.137 
C-157 
C.lC3 
C.ZC8 
C. i4b 

c.c43 10.51 0.621 61.4 15.18 0.1651 29.12 0.689 0.311 
C.C!C 10.76 0.638 70.s 15.45 0. I SC5 29.44 0.711 0.219 
c.cse 10.96 0.649 81.0 15.74 0.2159 29.23 0.728 0.272 
C.Ctb 11.10 0.663 93.2 16.01 0.2540 20.94 0.752 0.248 
0.078 11.47 0.680 110.2 lb.47 0.2321 20.75 0.767 0.233 

C.297 0.094 11.7t 0.697 133.0 16.89 0.3302 20.53 0.785 0.215 
C.148 C.I IO 12.06 0.714 155.7 17.31 0.3556 28.43 0.793 0.207 
c.411 O.l?O 12.37 0.733 1a4.1 11.77 0.3810 28.35 0.800 0.200 
c.4ee 0.154 12.74 c.755 2lE.2 10.29 0.4191 28.21 0.811 0.105 
0.577 O.lC2 13.CS 0.774 258.0 18.75 0.4572 28.07 0.822 0.178 

c. 1c+ c.222 :3.59 0.5L9 314.0 19.49 0.4953 27.94 0.833 0.167 
C.CYl C.Zf2 14.El 0.830 371.6 20.11 0.5461 27.80 0.844 0.156 
l.CZI 0.322 14.61 0.865 456.9 23.97 0.6350 27.56 0.063 0.131 
I. i 12 0.3e2 IS.14 0.897 542.1 21.74 0.7620 27.26 0.860 0.112 
1.4CZ C.442 15.b3 0.926 b27.3 22.44 0.8890 27.01 0.908 0.092 

I.553 c.5cz 16.05 0.951 712.6 23.04 1.0150 26.78 0.927 0.073 
1.783 0.562 lb.42 0.973 797.6 23.58 1.0795 26.66 0.935 0.06s 
1.t47 c.5e2 lb .4b 0.975 826.2 23.63 1.2065 26.50 0.949 0.051 
1.474 o.tz.? 16.64 0.98t. an3.0 21.90 1.3970 2b.27 0.968 0.032 
2.C37 0.642 lb.68 0.989 911.4 23.96 1.5240 26.14 0.970 0.022 

2.lC1 C.662 lb.73 0.992 939.9 24.03 
2.220 c.7c2 16.80 0.995 996.7 24.12 
2.291 0.722 lb.e3 0.997 1025.1 24. lb 
i-Y?5 C.142 lb.84 0.990 1053.5 24.19 
2.412 0.7ez lb.88 1.000 1110.3 24.23 

1.6510 26.02 0.900 0.012 
1.7145 25.95 0.993 0.007 
1.77ao 25.91 0.997 0.003 
I.0415 25.88 1.000 0.000 



l ** CtSCRtTt HOLE RtG **@ NAS-3-14336 STANTON NWDCR OATA 

CP= lOi3. 

‘.‘26CC. kc1 

CSG c UlW= 16.19 n/s 
KG/P3 vr SC- 0.15616E-04 bl2/s 
J/KCK PP= 0.715 

FLAT PLATE P/0=10*+* 

FLrTE x 
I 127.c 
2 132.8 
3 127.9 
4 143.0 
s 14e.1 
E 153.2 

151.2 
lC3.3 
168.4 
173.5 
17n.t 

7 
E 

1: 
I1 
12 

E 

1’ 
1; 
IL 
1; 
I7 
1E 
1s 
2c 
21 
ii 
23 
24 
25 
2t 
27 
2e 

183.6 
lE7.5 
150.1 
152.7 
155.4 
15E.C 
2CC.6 
ic3.2 
2C5.8 

0. ICIBBF 07 
0.15337E 07 
0.15ae6c 07 
C.lo431E 07 
O.lbSESE C7 
O.l75?4E 07 
C.17952E 07 
O.ld235E 07 
O.lt1517E 07 
o.IacczF 07 

BEX 

C.19Cel;E c7 
0.193CYE 07 
0. 1st 52E C7 

C.11492E 

0.19935F 07 

07 

0.20218E 07 
0.205COE 07 
0.20703E 07 
0.21cta5 07 

0.1204lE 

0.21352E 07 

07 

0.21(335E 07 
C.ZlSlBE 07 
0.222ClE 07 

C.IZ55OF 07 
0.13140E 07 
o.ljba’)F 07 
0.1423PE q’l 

2ce.s 
211.1 
213.7 
21t.3 
218.5 
221.6 
224.2 
22k.8 

25 225.4 c.224e4E 07 
3C 222.0 0.227ttF 07 
31 234.6 0.2JC4YE 07 
3i 237.3 0.23334E C7 
33 239.9 0.236 18E 07 
‘4 242.5 0.23901E 07 
35 245.1 0.241E4E 07 
3t 247.8 C.24467E 07 

3e.17 0.26121E 04 
38.15 0.27263E 04 
3d. 13 0.26369E 04 
39.13 0.29464E 04 
36.15 0.30558E 04 
3e.13 

TC 

0.31631E 04 

PEENTH 

37.43 0.32420E 04 
37.18 

38.13 

0.32d45E 04 

0.189SlE 

31.10 

04 

0.33483E 124 
37.39 

31?.15 

0.34014E 04 
37.39 

0.20210E 

0.34534E 04 

04 

37.39 0.35UbOE 04 
37.37 

38.15 

0.355746 04 

0.21429E 

37.37 

04 

0.360SOE 04 
37.37 

38.11 

0.36601E 04 
37.41 

0.2263rE 

0.37115E 04 

04 

37.30 0.37632E 04 
37.35 

30.11 

C.38147E 04 

0.23032E 

37.37 

C4 

0.38659E CC 
37. lb 

38.21 

0.39l.kl7E 04 
3i.43 

0.249112E 

0.3967SE G4 

04 

37.62 C.4019bE 04 
37.39 0.43712E 04 
37.64 0.41220E 04 
37.60 0.417LOE C4 
37.47 0.4L22YE 04 
37.41 0.42723E 04 
37.c9 0.4321 ?E 04 
37.37 0.43713E 04 
37.37 0.4418&E 04 

T!NF= 25.26 DEG C 
xro- 21.5 CM 

ST ANTONNO DST 
0.23352E-02 0.590E-04 
0.224 74E- CZ 0: 504E-04 
0.2 15086-02 C. SeOE-04 
0.22166E-C2 C.5U3E-04 
0.21243+02 0.576E-04 
O.ZObcCE-02 0.57 lE-04 
0.210OjE-CZ C.574E-04 
0.203tll E-02 0.572E-04 
C.lSEOlE-02 C. 570E-04 
O.l9966E-02 C.571iE-04 
O.lSa47E-02 0.569E-04 
O.lY253E-CZ C.Sb7E-04 
c.l834JF-02 C.b5GE-04 
O.lU7C4E-C2 C.b94E-04 
O.l9312E-02 0.705E-04 
o.laluE-c2 C.679E-04 
O.l0542E-C2 0.685F-04 
O.l@63aE-C2 C.689E-CC 
C.l7o70E-C2 0.652E-04 
0. LtJ71SE-02 C.bUCE-04 
0.17Tao~-c2 C.b57E-04 
O.l0112E-02 0.679[-CC 
o.la4lilE-02 o.biJot-04 
O.l7+15E-02 0.673E-04 
o.ia2au-c2 C.b08E-04 
O.l7>49E-CZ C.645E-04 
O.l8362E-02 O.b85E-04 
o.la35oe02 O.h94E-04 
C.lfIJGGE-02 O.b55E-04 
O.l7795E-02 C.675E-04 
c. knLl4GE-*C!2 C.674E-CC 
O.l7Jb7E-02 0.65iE-04 
O.l7’3ZE-CZ C.663E-04 
O.l7331f-02 f!.633E-04 
C.l76SJE-C2 C.b7YE-04 
0.15 jbdE-02 0.67eE-04 

OMEN 
0. 
9. 
9. 
9. 
9. 

::: 
10. 

::: 
11. 
Il. 
II. 
11. 

::: 
12. 
12. 
12. 

if: 
12. 

::: 

:f : 
12. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 
13. 

STttHfOJ RAT!0 
0.20699&02 1.128 
O.ZOSObE-02 I.096 
0.20324E-02 1.078 
0.20151E-02 1.100 
O.l5987E-02 1 .og 
O.l9tr3OF.-02 1.041 
O.l968lE-02 1.067 
0.19539E-02 1.043 
O.L94OlE-02 I.026 
O.lY269E-02 1.036 
O.l9143E-02 1.037 
O.l902lE-02 1.012 
O.l8932E-02 0.969 
O.t8873E-02 0.991 
O.laal!iE-02 1.026 
O.l875EE-02 0.969 
O.l8702E-02 0.991 
O.lfJb47E-02 1.000 
O.lll593E-02 c.950 
O.l8540E-02 1.009 
0.18487+02 0.962 
O.l8436E-02 0.982 
O.l838bE-02 16002 
O.l833bE-‘02 0.977 
O.L8287E-02 1.000 
O.l8239E-02 0.962 
O.lBl91E-02 1.009 
O.l8145E-02 1.014 
C. 18CYYE-02 0.998 
O.lBJ54E-02 0.966 
o.la009E-02 1.002 
0.17355 E-02 0.967 
0.179LlE-02 0.970 
O.l?H79E-G2 0.969 
O.l7837E-02 0.992 
O.l7795E-02 0.864 



TIDIW 22.9s D&G C DIBP” 15.67 111s 
llllb- l.l82 KG/H3 TS3C= Oilt352L-00 a2fS 

ff!lP= 22;&Dt; C 
XIO- ; : 

CP- 1912...J/KGK PB- 9.716 

*.a2603 ESL fl-0.9 ZmO P/D=10 Y/T~~(oPTIMIJH)~~~ 

PLATE I ,ez TO REELIZH 
0119331g 04 
0.233L18E OO 
9.22352.e 04 
3.23795e 04 
0.25628E 09 
0.27481E 04 
3.291ase 04 
0.33991e 04 
3,.325331 OP 
0.31380E 04 
0.35394B 04 
3,.376141 ou 
D.33376E ou 
0.03>22E 64 
3.435391 04 
O*~lr)54E 04 
3.41561E 94 
3.423718 04 
5.4257UE 04 
0.433779 04 
D.43584E 04 
l.u?n97e 04 
I, 97599B 04 
0.4SlO71 04 
3,45612I! DO 
3.;(61249 34 
0.466376 no 
0.4735ag 04 
1.976691 04 
0.48172E 04 
0,48685f! 04 
0.49195E 04 
3. ‘4969JE 04 
0.532321 04 
1.53711e 09 
0.51193B 01 

SLlurOu II0 
3.24275G-03 
0.22?15G-32 
0,22992E-32 
o.i2q92e-02 
3.22823E-62 
O.i2SlsE-n2 
0.22~11L-02 
9,21211E-02 
D.?1727E-02 
0,23?71E-b2 

DII 
o.s!Mx-08 
3;545E-08 
3;551e-04 
3.546E-04 
D.j53E-31 
b.SUJE-31 
>.5u3e-or 
3,51lE-04 
@. 544e-01 
:.536E-OP 
3. j39E-3U 
@.539e-00 
?.577E-Ol 
?.565&-34 
(1.692E-n4 
3.6688-34 
D,677E-31 
',.575l?-04 

1 127.6 3.jlS4~X 07 36.61 
2 132.B 0.123925 07 36.57 
3 137.3 ).i2643K 07 36.53 
8 103.j ')./3195c 07 36.53 
5 100.1 0.13746K C7 36.55 
6 153.i >.;,299t 07 36.61 
7 i59.j ,.jr35la 07 36.61 
0 163.3 

169.j 
0.15401G 
J;J5353x 

07 36.55 
9 07 36.55 

lp 173.5 3.165053 07 36.52 
11 179.6 0.17356E 07 36.63 
12 183.5 ).175031! 07 36.52 
t3 187.j 0.180278 07 34.40 

r E 14 197.j l.le311e 07 3u.00 
13 192.7 1.13595e 07 34.00 

22 
23 
24 
25 
26 
27 
26 

233.7 l,J9731;K 37 34.06 
205.8 0.23016E 07 34.09 
2.79.5 1).2)3321! 37 39.07 
217.1 9.235a7e 07 34.13 
213.7 1.2337lt 07 34.04 
216.3 0.21156E 07 34.06 
213.9 9.21372E 07 34.!1 
221.6 9.2l726E C7 33.96 
22a.3 ~.?z,rla 07 34.15 
226.0 D.22294E G7 34.27 

29 229.9 1.22j78E 07 34.06 
3f' 232.0 3.22Et2B 07 34.28 
31 233.3 ).33'46C 07 34.i7 
32 237.3 1).23432E 07 34.15 
33 233.9 ).23717Z 07 34.11 
3U 242.5 0.29301E 07 33.83 
35 215.1 >;29205E 07 39.06 
36 247.p D.24569e 07 34.06 

u8CLRrAlRtz IU EEZ=13625. 

3,21425e-02 
0.2n589e-02 
3,j7575E-02 
D.j773?E-D2 
0.1 EiS98E-02 
DJ7655hJi 
n.]736ae-o2 
3. )7J36E-b2 
O.l7457E-f?2 b.651e-DC 
D.17917E-n2 >.SSaE-DC 
oii7li5e-n2 
),j7?13E-62 
3.,?0262E-02 
D,j7Q52C-n2 
O,jEOB2L-02 
9.1707.3E-02 
3..l0217e-D2 
3,!54$2E-?2 
3..l7406E-a2 
3.17873!!-02 
D.miEi233E-02 
O.l7613E-32 
O.J78?3e-02 
0. !7639B-!I2 
o.faie:B-02 
3.j615II-02 

3.5651?-9U 
0.588s-Da 

O.bu5e-3b 
3.6135B-09 
P.657E-00 
9.560E-')4 
3.679E-OP 
:l.6k9E-3'4 
11,7025-09 
o.7aee-oo 

14. 0.33 D.nI)43 26.iO 0.257 
15. 0.03 3.3IiU3 36.55 3.257 

2: 
::: 
::: 
::: 
::: 
::: 

::: 

::: 

I ? ?2 ttxrb 

0.93 b.0038 26.50 )i255 
0.90 0.0034 36.53 0.265 
9.52 3.9392 26.27 I.256 
Q.jl@ 3.0392 36.55 0.256 
3.40 D.0032 26.36 0.263 
b.D3 3.3332 36861 3.253 

0.33 >,!I32 26,j6 3.253 A322 
O.pO 0.0332 36.53 0.263 0.322 
0.)3 l.JlQl 26.,15 1.2bS 3.p22 

3.322 
a.021 x: 
oh22 



tADll= 28.Jt DtC C UIl?* 15.77 I/S IIW- 28.05 010 c 
ltR9= 1.176 KG/R3 rIX!- 0.$547~1-04 a2/S x10= 21.s cll 
CO- 1313.,J/KGK PP. jr716 

l *+2500 RSL.R-b.4 X8=1 P/D-10 lf/K?(DP~I~UN)~+* 

PLlX& x REX 1 127.6 ').1148OB 07 3::53 
2 132.9 ').12)2BE 07 36.57 
3 131.9 0.125773 07 36.67 
I 143.9 3.131263 07 36.63 
5 199. J >.j3575G 07 36.67 
6 153.2 rl.14223t 07 36.67 
7 153.2 3.14172E 07 36.63 

BEEJrH 
0.183321 04 
0.2318le 04 
0.22a37e 04 
5.253538 04 
0.265b8E 64 
0.31625E DU 
3.3u1uue OP 
1).J66071 64 
D.39579E 04 
0.42552E 04 
>.!lb32lE 04 
0.472571: 04 
3.49709e 04 
3,519rQB D4 
0.523OOE 09 
>.527ooe 04 
0.53110E DP 
3.53523E 04 
0.53936E DO 
0.54357E 04 
0.57782d 04 
3.5521(iE 04 
O.j55U9E 04 
).56C85E 04 
0.5652OE 39 
1. j6965E 34 
0.5771oe 04 
3;57962E 04 
0.59313d 04 
0.587522 34 
0.59205E 04 
3.595563 04 
0.6J105E 09 
3rG0553E @4 
0.61rrOUS 34 
0,~14U5f! 04 

3,583E-04 
D.577e-34 

8rnnr3E 83 
0.249551-02 
0,21094E-02 
3.20365&D2 
).19573E-02 
9,16774E-F2 
0,18759E-02 
5..I7313E-52 
0,16713E-b2 
3.1653?E-02 
O.,l6713e-02 
O.l583!K-62 
3.15911e-32 
0.12c92e-C2 

D:$77E-?I, 
3.572E-3U 
0.57De-08 
3,57lE-34 

B 153.j ).15321E 07 36.61 
9 168.U q.15'3731 07 36.55 

1P 173.3 9.J6blBE 07 36.67 
ll 179.6 )..I5367~ 07 36.55 
12 1133.6 0.17516E 07 36.53 

L 13 11 19?, 181.5 J ).13216E >.!7933E 07 07 35.39 35.09 
w 1s 192.7 7.1s49ne 07 35.09 

16 195.9 ).18782E 07 35.14 
17 19B.p 0.19366E 07 35.14 
18 233.5 3.!93091 07 35.14 
19 293.2 1).19631E 07 35.03 
20 235.0 3.J99143 37 35.05 
21 208,5 3.~0191e 07 35.05 
22 211.J ).??179B 07 35.01 
23 213.7 0.20762E 07 34.99 
24 216,3 F.213461! 07 35.63 
25 218.9 3.213338 07 35.05 
26 221.j >.jlSl2E 07 34.09 
27 224.2 3.21835C C7 35.10 
2B 225.8 >.22173C 07 35.14 
29 
3n 

3: 

2 
35 
36 

229.j D.i246OK 07 34.95 
232.3 >.22743t 07 35.:4 
234.6 n.23225e c7 35.74 
237.3 ?.?3339B 07 35.01 
239. .9 3.23593e 07 35.Dl 
242.3 9.23376E 07 34.74 
245.) J.2415Ct 07 30.93 
247.8 ,.J1341E 07 34.93 

OECERTAIE?X II BEI=13554. 

D.137891?-02 
9,1445'E-$2 
0.14~97~-02 
),!4GllE-?2 
O.l4567E-02 
3,14613E-02 
@.15152E-02 
D.)UB9?E-b2 
O.l5377E-@2 
3.15673~-32 
O.J5142E-P2 
D.J56551-02 
3,.15755E-02 
3,1571lE-32 
O.l6276E-02 
3,!5353E-32 
O.l5903E-P2 
0,!6776E-b2 
D.l5835E-'!2 
O.l5977E-02 
O.l5763E-f'2 
O.j6417E-02 
D.J4b89E-02 

jIj73e-34 
O.O73E-31 
D.55$e-n9 
!t,575e-nr 
0.556e-00 

0.595E-00 
@.6C7e-00 
$:6168-04 
D,606B-Ob 
3.622E-30 
0.6lOL-Ob 
3,62'JE-01 
D.'ijClB-00 
3.593e-33 
0.633E-DP 
1.533e-30 
0.623C-00 

DPBIV 

1:: 
12. 

2: 
18. 

ii: 
22. 
23. 

::: 
26. 
26. 
26. 

ii: 
26. 

ii: 

2266: 
26. 
26. 
26. 
26. 

22:: 
V. 

ii: 
26. 

2266: 

Ii: 

II Ia t2 CEXLA DtE 

0.33 9i3927 36.9s 1.030 0.025 
9.90 )iI327 36.S7 1.033 3.325 
O.PS 0.0036 37.03 1.032 3.025 
0.33 3.3336 36.67 1.032 3.925 
b,,18 1).lJ29 36.81 I.>11 I.925 
O.bD D.OD28 36.k3 1.011 3.025 
0.45 3.3336 37.05 1.335 3.125 
b.DD a.6335 36.35 1.033 I.325 
0..33 O.CO27 36.67 I.013 3.325 
3.p) ).3127 36.55 1.3)) 1.325 
0.40 b.OD33 36.74 1.016 1.325 



1s 
16 
11 
1s 
19 
26 

2’: 
23 

2': 
26 
27 
2B 
29 
30 

:: 
33 

:i 
36 

IEICOL 

1133993.7 
1219155.) 
12fQ311.0 
1319rl9.) 
1371CQ2.j 
lQ293Yl.j 
'Qfa966.p 
?SQ,l23.) 

17t3111.p 
lC!2131.) 
l 631139.) 
1059513.) 
leas5sr.j 
191551);) 
1915319.5 
1973Q2l.j 
2"3(936.1 
2?3)285. j 
2058553,) 
2l’81*62.) 
2'155Ye.Q 
2lQQl5Q.) 
2172563.P 
2231911.) 
222338?.9 
2257133.) 
2216191.3 
231b316.> 
2303152.> 
2311!139.? 
2QO’llOl.) 
2128515,) 
245632Q.P 

ED DlL2 sz (SFhO) 

1903.1 o.902rzs 
2331.f O.DO223Q 
2159.1 O.QO2189 
2288.3 0.00223Q 
2Ql8.2 O.OC2Ul6 
2552.) 0.~02933 
2664.3 0.002365 
2812.2 o.po2211 
2939.6 O.OC23Q5 
3052.8 o.co2123 
3185.9 0.00231) 
3311.6 0.002213 
3QJOil 0.001923 
3Q59.7 0.0'319lQ 
3513.1 o.p023,1 
3565.6 O.OClt398 
3519.6 o.pc191,. 
3673.P O.OC19Jl 
3727.1 0.0')1812 
3780.1 O.COle9j 
3a33.5 0.9cie59 
3886.3 0.001951 
3933.9 O.F3131Q 
3993.0 0.001929 
4115.9 O.OOltl~l 
rc99.J 0.00195~ 
Ql52.8 0.0013~1 
Q207.1 0.001913 
Q260.3 0.001923 
Q312.6 O.PC'1955 
Q365.9 O.nOl332 
PQ18.7 o.oc1e20 
4570.8 o.fJorers 
Q523.0 O.DOlO23 
b515.6 D.O'Jl3?~ 
1626.1 0.001611 

1117973.) 
1202e47.0 
1251722.0 
1312596..0 
1367'113.1 
1122345.) 
lQl7219-A) 
1532390.,3 
1586968.1 
16Ql8Q3.0 
1696117.3 
1151591.) 
1193296.0 
1921555.3 
ieosei7.b 
18182lQ.3 
1306612.0 
1934812.5 
1363132.0 
1391392.9 
2319653.0 
23Q7913.$ 
2376114.3 
213Q57l.J 
2132969.0 
2161229.J 
21esse9.0 
2211759.0 
2296013.3 
22lr271.~ 
23D2531.P 
233C928.3 
2359326.3 
2387586.0 
2215946.0 
2QQQ107,) 

RI DEL2 sr(rm=l) 

le33.J J.)DZtll 
2118.3 0,302113 
22lB.7 3,)32DQ7 
2537.j O.DOlSS? 
2341,) O.)Yl89b 
3143.3 D.J31889 
333Q.2 3.3¶17Q2 
3639.3 O.pOl685 
3333.7 0.)91673 
4221.9 b.D')1678 
4158.9 O.t91588 
as93.e 0.>01595 
a93S.2 0.00127Q 
5152.3 5.3Dl-353 
5191.; O.bClQ50 
5232.7 DoJ31Plb 
5272.9 @.JOlN65 
5310.3 >.DOlsbD 
5355.7 D,P'!lQ6Q 
5337.9 D.jO1518 
54QO.Q 0.101491 
SQ33.3 D.jOl5UD 
5527.3 D.OD157D 
5571.0 b.)DlSl? 
5tilQ.c 0.5171568 
5653.y 2,321578 
57cr3.7 0.3ot57Q 
5lQJ.p De)37633 
5793.9 0.101539 
5933.2 l.>Dl592 
see3.5 a.poiaio 
5329.) 0.3a15es 
5913.5 0.30159D 
CF19.4 l.)3l518 
606Q.D 0. Db16QQ 
6lJl.D O.)'IlQSl 

ICA 

UQU(IO 
0.05, 
0.113 
O.lQ3 

x 
0:263 

0.337 

0.233 
0.232 
0.205 
0.195 
0.201 
0.168 
0.183 
0.168 
0.171 
0.151 
D.115 
0.150 
0.155 
0.142 
0.1)9 
0.129 
0.13e 
0.139 
0.125 
Oil32 

8 

1. 
0. 

:: 

:: 
1. 

:: 

:: 

:: 
1. 
1. 
1. 

:: 
1. 

:: 

:: 
1. 

:: 
1. 
1. 
1. 
1. 
1. 
1. 

:: 
1. 
1. 

119 
123 
136 
139 
130 
120 
IQ3 
108 
151 
122 
133 
IlB 
I3Q 
159 
138 
1Q3 
II& 
142 
IQ9 
I48 
I53 
152 
I62 
I08 

t-C3b 

D,33%2 
O.OOP2 
0.3132 
O.Ob32 
0,>039 
0.0013 

S%lPR 

:*::; 
D:93r 
0.097 
0.892 
3.915 

xi 
o:eu1 
O.WO 
J.@lJ 
0.823 
J..635 
0.72u 
3.151 
0.778 
0.791 
0.783 
5.02) 
0.811 
3.833 
o.aso 
J.852 
O.W? 
1.653 
0.899 
J.851 
0,086 
J.852 
0.895 
:.832 

E: 
01911 
3.929 
O.!Nb 

x: 
3:3,2e 
0.0328 
).)I36 
0.0136 
0.0227 
3i3121 
DiOD33 

LOOB 

l.?OO 
1.@57 
1.162 

:* $9": 
1:403 
1.303 
1.551 
1.581 
1.108 
1.361 
1.524 



TlDD- 24.5'2 DE'S C UIW- 1.3.72 1/s 
RHO- 1.175 KC/I!3 Yx.sC- ~ilSSDlZ-b4 &It/n 

fin?= 2@;e9gD9: C 
xro- . : 

CP- 1013.,J/KGK PE- 3.716 

l ra2600 ESL a=O.gO-TE-0 P/D-10 P/V:P(DPTI!lUU)*~*: 

PLATE x 
1 127.9 
2 132.8 
3 
4 
5 

t 

9" 
l@ 
11 
12 

r 93 
14 

cn 15 

:; 

BEX 
).lla64ls 07 3TPs7 
3.12312E 07 37.20 
3.12560B 07 37.12 
>.33138d 07 36.93 
3.136563 07 36.95 

137.9 
143.) 
149.1 
153.2 
159.2 
163.) 
168.J 
173.5 
17a.s 
183.5 
187.5 
19q.j 
192.7 
195.8 
198.1 

REEKTH 
3.f89b6E 04 
0.20173B 04 
0.22638~ 04 
O.J5136E 04 
0.273963 04 

DSP 
D.S94I!-Ob 
0.5861-04 
1,6blE-08 
9.605-E-08 

1a 230.6 
19 233.2 
20 295.8 
21 213.5 
22 211.) 
23 213.7 
24 216.3 
25 213.3 
26 221.6 
27 225.2 
20 226.9 

?.11204E 07 36.32 

11153C33 07 
>.?a152K 07 37.05 

36.84 
).153u9K 07 36.97 
3.363961 07 36.92 
0.16944E 07 37.05 
').17U92E 07 36.96 
9.173392 07 35.03 
3.18191K 07 34.63 
3.13173~ 07 34.63 
3Ii8756K 07 34.78 
~.13143e 07 34.78 
0.133221 07 34.78 
7.19jr)Ut 07 34.76 
0.19Kt37E 07 34.78 
1.23169E 97 34.78 
0.2PU5lE 07 34.84 
').25733G 07 34.74 
3.21317!! 07 34.80 
,.213IlE 97 3Ui82 
0.215832 07 34.7O 
I.219551 07 34.66 
0.22147&Z 07 3U.95 
3;22123K 07 34.76 
3.22712s 07 34.99 
1.2233ae 07 34.93 
1.232778 07 39.86 
3.235611 07 34.82 
3.23843e 07 3u.57 
1,2U125E 07 34.79 
3,7UU'ILIK 07 3U.78 

0.36199E 04 

0. 3399bE n4 

0,~9)3lE 04 
Dm41795e 04 

3.33552K OY 

0.44325E OU 
L.U6874B 04 
0.U9116E 04 
D.51303E OU 
0.515568 04 
0.52131K 04 
0.52632B 04 
0.53166B 04 
1: i3689E 04 
0.5u211r! 04 
015U737E 04 
D.j5257t! CU 
?.557BSE 04 
0.56309E 04 
0.56831E 04 
91j7357e 00 
3,57EK2K 34 
0.53919B ')u 
3.5a9378 14 
0.53J5JE OU 
,.53992E 04 
0.63jlSB 04 
3.613301 04 
0.61558E 00 
3,$2394E 04 
0.6259JE OU 

srAPro8'80. 
0,24424C-02 
3.21Bj3c-02 
3,23732e-02 
6.23?13E-02 
9,23354c-02 
0.24?69E-I72 
?.21570E-P2 
0,2257?E-32 
0.232618-I'2 
>.22216E-02 
3.?2737E-32 
3,22883~-02, 
o.l&952E-@2 
3.19214!?-32 
O.l9951L-@2 
~.!859?G-92 
0,18P35B-02 
O.l0935B-02 
0.181796-F2 

0.603?-04 

3.59ee-30 
b.6@6K-00 
?.639K-31 
').73UEz-3U 
Oii53E-04 
3,flKK-34 
19.725B-04 
9.723e-04 
0.693E-09 
0,712K-54 
0.7O?E-3U 

DREE8 
8. 

13; 
13. 

::: 
21. 

f2: 
26. 

::: 
30. 
31. 

3:: 

::: 

33:: 

i:: 

3:: 
31. 
31. 
31. 
31. 

::: 

,':: 

3:: 
31. 
31. 
31. 

I! ? Et tl(tt1 

b.62 b.OD67 26.67 3,334 
0.90 D.0067 37.12 0.330 
l.O? 3.1382 28.JN 3.352 
0.00 0.0932 36.95 0,352 
6.80 O.OG71 28.78 3.353 
D,D3 3.3171 '37.pS 3.35, 
1.00 O.nO81 28.75 3.353 
0,?3 3.3331 36.97 0.353 
0.95 I,)159 26.71 a.315 
lL.00 0.0069 37.05 3.3Yf 
0.67 3.3373 fB.76 3.351 

36923 
a.024 

Jo% 
co29 
,.a25 
3.@2U 
D.325 
).324 
3.025 
I.124 

0.72oe-01 
r).732E-34 

9.1873JB-02 
O.l8C62B-02 
3,18353E-82 
D.lB'IKlE-02 
3.181~2l!-02 
0.188321-02 
9. i83aie-n2 
O.l8762C-O2 0.725B-00 
).19271E-02 9.7UUE-34 
011m9e-02 
O.l855>E-02 
0.187asE-92 
3.183198-02 
l.?BS54E-O2 
3,J5257K-02 
3,18979K-02 
0,)6ti23E-22 

0.683e-03 
3.72UE-3U 
O.72UE-I)4 

0.7U5E-34 
3.7U7E-,U 

29 223.j 
33 232.0 
31 23r.j 

35 2G5.1 
36 237.9 

URCEBrAIU?X IY EBX=13535. IJICEETAIStI IN F'=3.:5037 IA itAt13 



PLAZG r REX TO 
1 127.1 I;~13711 07 36.36 
2 132.8 0.!20198 07 36.42 
3 137.9 ?;1?.568& 07 36.38 
4 143.) 7i13116B 07 36.38 
5 1uB.l D.13664B 07 36.36 
6 153.j Y.jUZl3e 07 36.00 
7 155.2 1.13761C 07 36.40 
8 163.j 7,?53C9& 07 36.46 
9 169.9 1;353583 07 36.40 

tP 173.5 'I.164061 07 36.38 
11 178.5 1).1695UB 07 36.42 
12 163,s 7.17503B 07 36.36 

F 13 la 107.3 3.17919E 07 35.30 
199.1 ?.18202B 07 35.07 

cm 15 192.j ?.133GUB 07 35.07 
16 195.9 3.18769B 07 35.16 
17 199.) ~.1;1152B 07 35.36 
18 2ng.6 3.19334e 07 35.16 
19 273.2 ?.J9516& 07 35.12 
70 2P5.B 9.196998 07 35.12 
21 299.5 ,.f)l81!! 07 35.!0 
32 211.1 
23 213;j 

D.20465& 
3.23145& 

07 35.09 
07 35.01 

24 216.3 ').21333& 07 
25 219.j 

35.07 
).21314& 07 35.05 

26 221.6 
27 22a1j 

9.21596& 
3Ijie7ae 

07 34.89 
07 35.97 

28 226.0 3.221618 07 35.12 
29 229,J ).?2343& 07 34.93 
30 232.p 9.22725s 07 35.14 
31 239.5 o.zj):aB 07 35.?0 
32 237.3 3.23292B 07 36.99 
33 239.9 1.23575B 07 3U.93 
34 242.5 0.239508 07 34.67 
3S 245.) 3.2Ul4')B 07 34.89 
36 2U7.p 3.?4423& 07 3U.89 

U8CEE~AIUCI II BEX=13544.. 

R EElTtl 
3.189173 04 
3.2017OB 04 
3.275UlE 04 
3.2e917e 04 
0.34239e 09 
3.39503e 04 
3.gP295B 04 
0.43939e 04 
3.5U332& 04 
0.59~61B 04 
0.63463E 04 
,.67El39& 04 
0.72353B 04 
0.75955E 04 
0.76407e 09 
0.75849e 34 
3,77203e 04 
0.7772C'E 04 
D.78150& 04 
0.7l35RUB 09 
3.79323E 64 
D.79463E 04 
3.79915B 04 
3.B0363B 04 
0.e331013 09 
D.81268e OU 
3.a1129e ou 
0.82234B 04 
9.626721 04 
0.831339 ob 
3,93607& 04 
0.6*38DB 09 
3.8U55OE 04 
0.853241 OU 
3,.85505E 04 
0.95366& DO 

SrAurou 10 
9.2952QC-02 
0.21191&-32 
3.22333e-02 
0.21376E-02 
0.20623&-02 
0.22181&-02 
0.20947&-02 
O.l973)E-92 
O.l9516E-02 
3.195341-62 
3: 18512E-02 
O.)8624E-02 
3,15?79E-02 
3.15326E-32 
0.]6f'28E-42 
).j5?11E-32 
O.)SS37E-!'2 
D.15373&-02 
bIiiO12&-b2 
3.!5656E-02 
O.l54?7e-F2 
O.J5713&-b2 
O.l6269E-n2 
0,jSU2UE-02 
0.16201&-02 
0.16233&-32 
0.16423&-02 
3;17123&-02 
O.l6'?UlE-02 
0.16523&-02 
0.16996&-02 
3.,l6Q57E-C2 
O.l6016E-C2 
D.j575DE-02 
D.l727Fe-02 
0.153511-02 

DSt 
0.634L-08 

3.611&-DU 
0.51&L-JO 
0.611&-04 
~.6DlE-OU 
0.603&-O* 
D.EDUE-3% 
3.597&-39 
0.6G3&-9# 
0.554&-$0 
3.613E-DU 
0.62~&-34 
9.603E-3U 
0.6115-04 
3.639E-I)O 
0.5&t&-04 
9.507c-3U 
D.603s-09 

0.641t-0.4 
),629E-OU 
D.648E-04 
').671E-34 
Diil6&-Ob 
S.657e-04 
D.C63B-30 
3.6UBE-DU 
0.662&-04 
3.637&-3U 
D.689&-'IO 
3. $91E-34 

UtCEETAIIDI II P=3.b503? IO RAP13 

DtXtl 
B. 

ii: 
2k. 

I ? t2 t4nt4 

0677 0.0062 35.63 >i935 
0.00 0.0062 36.38 0.935 
0.97 9i3378 36,p6 j.913 
D..OO 3.0078 36.36 9.973 
0..&2 O.F366 36.02 D;959 
0.31 I.0165 36.93 a.959 
0,94 0.0076 35.95 0.95B 
D.$E ').?)16 36..UO 0.956 
0.61 3.?165 35.J6 3.989 
0.01 0.0365 36.42 0.9U9 
0.99 j.33513 35.52 I.931 

3.326 
3.025 
3.D26 
3 . 3 2.5 
0.025 
a.?25 



?LlTO mrtot 

1 114S4bl.) 
2 129r203.D 
3 1256753.) 
I 131?372.) 
5 l?E5532.9 
6 142?421,) 
7 1475203.) 
0 153'12!i) 
¶ 1581799.J 

19 1639593.) 
11 7694Y99.2 
12 1799193.) 
13 119!115.) 
*I 10190s7.p 
15 184?239.) 
16 187!E47.) 
11 19~4)35.) 
'8 ?932229.3 
19 1,6,,49.) 
23 1989671.3 
21 2@153'33.) 
22 2745115.3 
23 2673335.) 
24 2151595.) 
25 2133'54.) 
26 2159275.) 
27 2105897.) 
28 2214719.9 
29 2242941.) 
31 2271162.) 
31 22993at.j 
32 2327743.D 
33 2356131.) 
34 2384323.D 
35 2412535.) 
36 2440766.0 

80 DSL2 

1190.6 
2018.2 
2146.1 
2279.> 
2415.9 
2555.5 
2693.1 
2628.1 
2964.1 
3398.1 
3232.8 
3371.9 
3470.5 
3530.5 
3592.4 
36S2.9 
3711.7 
3770.8 
3024.6 
3886.9 
39u3.1 
4coo.q 
4057.5 
4114.5 
4111.1 
4227.1 
4263.9 
4341.3 
4397.6 
4452.7 
4538.6 
4564.2 
U619.3 
4674.0 
4729.3 
4762.5 

I?(TBdJ 

0.002442 

O.CO2541 
0.002312 

0.001~56 
0.002225 
0.002357 
o.on2i)i 
0.902c3s 

a.o@1930 
0.002~5r 
0.001959 
b.032337 
0.001961 

o.co1974 
0.001933 
0.901945 

0.001769 

1147105.~ 
1291930.9 
1256711.) 
1311604.3 
1366437.) 
1421213.Q 
1476192.J 
1530935.0 
lse5763.J 
1640601.0 
1695U:S.) 
1753267.3 
179194~.1 
182>179.3 
1e48416.0 
1975794.2 
133517~.$ 
1933409.) 
1961648.2 
1389387.Y 
2318126.1 
2146365.1 
207QSOV.J 
2102303.0 
2131'356.0 
2159595.0 
21878?4.0 
2216073.D 
22u4312.0 
2272551.) 
2310793.B 
2329!66.J 
2357542.0 
23457El.) 
2414021.3 
21a2259.) 

IX bXL2 

1891.7 
2016.9 
2tl5.3 
2934.1 
3477.) 
4n22.3 

:i::*: 
ml:6 
61723.9 
6437.6 
6930.0 
7379.4 
7795.1 
7636.8 
7fJ31.9 
7924.1 
7967. J 
S@?P.) 
6351.6 
8"34,6 
El)?,9 
8102.3 
0225.3 
8273.2 
6315.3 
8360.8 
8437.6 
8453.9 
a479.j 
e545.2 
0592.9 
il619.l 
0696.9 
8734.1 
8179, I 

It(?ll=lJ K?A S?:R r-cot 

0. PO2209 
b,512091 
0.201953 
2.)J1925 
O.D01939 
3.)31813 
0.001619 
rl.D31499 
1.>31452 
0.901563 
J.)714B7 
9.031519 
a.331533 
O.DOlC69 
3.>31535 
O.PO1513 
a.321545 
9.po1599 

Q.0063 

0.001619 
B.)OlG93 
0.0015e3 
I,>01632 
il.001682 
be>!':526 

00000 

:-;:: 
;: ;;f 

o:121 
9.170 
0.193 
b.242 
0.182 
0.279 
0.293 
0.203 
0.313 
0.191 
0.277 
0.211 
0.283 
0.267 
0.255 
0.255 
0.223 
0.222 
0,239 
0.216 
0.188 
Del36 
0.111 
0.119 
0.173 
8.152 
0.164 

:*;:i 
o:tu 
0.141 

1.110 
0.906 
1.125 
l.)B3 
1.216 

i* ::: 
1:lBil 
l.)ll 

xi: 
1:31e 
1.143 
1.154 
1.152 
1.132 
1.133 
1.119 
1.134 
1.101 
1.139 
1.399 
1.111 
1.199 
1.114 
1.121 
1.?96 
1.116 
1.168 
1.139 
1.399 
1.120 

i-K 
0:916 
0.905 
3.811 

5.831 
0.823 
Y.BOB 
0.853 
1.663 
0.846 

0.919 
3.815 
0.311 
0.932 
0.937 
0.91) 
0.956 

Q.Oli6 
a.))75 
P.b976 
Y.9165 

LDQB 

1.W 
2.115 
2.115 
2.216 

:*::: 
2:237 
2.347 
2.367 
2.206 
2.146 
2.211 



WhOI VELOCITV AN0 1EHPERAlURE PROFILES 

REP - C.7355OF 06 

xvc l 10.10 

UIBF l 9.89 

REM - 1826* 

CM DEL2 - 0.286 
W/S DEL99- 2.436 
HZ/S DELI - 0.413 

H 1.444 
CM CF/2 = 0.18714E-02 

ii% l O.l54tBE-C4 
PORT - 3 
ircc l 125.2i 

b(CPl Y/CR Ul’4/Sl IJIUIHF It u+ Ytccl TIDEG CI TEAR TBAR 

0.c25 0.0 10 3.co 0.364 1.0 8.41 0.0127 35.4+ 0.227 OIllO 
C.C33 C.Cl4 3.91 0.401 9.1 9.2 1 0.011e 35.51 0.222 0.770 
O.C38 C.016 4.21 0.431 10.5 9.91 0.0254 34.86 Oz270 0.130 
C.C46 O.Cl9 4.55 0.460 12.6 10.64 0.0305 34.12 0.324 O.la76 
0.C51 0.021 4.14 0.479 14.0 11.07 0.03Rl 33.19 0.392 0.608 

O.CtB C.C24 4.94 0.500 16.1 11.55 0.0457 32.66 0.431 0.569 
C.C66 C-C27 5.12 0.518 18.3 11.96 0.0533 31.99 0.479 0.521 
O.C?l C.C29 5.22 0.528 19.7 12.20 0.0635 31.52 0.514 0.486 
c-c79 0.0?2 5.33 0.539 21.8 12.41 0.0111 31.18 0.539 0.461 
O.CC9 C-C36 5.41 0.547 24.6 12.65 0.0787 30.87 0.561 0.439 

C.CS7 c.040 5.62 0.568 215.7 13.14 0.0889 30.56 0.584 0.416 
O.lC4 0.043 5.81 0.507 28.8 13.57 0.1016 30.21 0.605 t. 395 
C.117 C.CSB 5.R6 0.593 32.3 13.70 0.1143 30.01 0.624 0.376 
0.127 0.052 5.89 0.595 35.1 13.76 0.1270 29.84 0.636 0.304 
C.135 c.c55 5.93 O.bOC 31.2 13.86 0.1524 29.47 0.664 0.336 

c. 147 C.CbO 
0.113 C.C?l 
C-211 O.OPI 
0.249 C.lC2 
0.287 0.118 

0.338 0.139 
C.376 c.154 
0.414 0.170 
0.4o c.191 
a.zza c-217 

6.06 0.613 40.7 14.16 0.1778 29.29 0.677 0.323 
6.25 0.632 47.7 14.61 0.2032 29.08 0.692 0.308 
6.42 0.649 58.3 15.00 0.2286 28.08 0.701 0.293 
6.61 0.669 68.8 15.46 0.2 540 20.10 0.720 0.280 
6.71 0.678 79.3 15.68 0.2794 28.61 0.721 0.213 

6.85 0.693 93.4 lb.01 0.3048 28.39 0.142 0.258 
6.56 0.104 103.9 lb.28 0.3429 28.26 0.152 0.240 
7.C7 0.715 114.4 16.53 0.3683 28.15 0.760 0.240 
1.18 0.726 128.5 lb. 10 0.4445 21.87 0.781 0.219 
7.33 0.741 146.0 17.13 0.4953 27.71 0.793 0.207 

0.592 0.243 7.40 0.157 163.6 17.49 0.5969 27.40 0.615 0.185 
c.ts5 C.269 7.63 0.771 181.1 17.83 C.6604 27.23 0.827 0.173 
0.?19 0.255 7.19 0.188 19tl. 1 10.21 0.7239 27.10 0.037 0.163 
C.820 0.337 7.92 0.801 226.1 18.52 0.1874 26.92 0.650 0.150 
c.sco c.373 8.C7 0.816 251.3 18.87 C.8509 26.17 0.661 0.139 

1.Cll c.415 
l.Cb2 o.*43t 
1.1t3 c.41e 
I.250 c.53c 
1.417 c.se2 

1.tce C.660 
1.735 0.712 
I.925 0.790 
2.119 C.RS5 
2.370 0.913 

2.497 1.025 
2.SbO 1.051 

8.19 
8.3C 
8.50 
0.71 
8.C4 

9.07 
9.21 
9.41 
9.66 
9.19 

F.86 
9.90 

0.828 
0.040 
0.859 
0.880 
0.894 

0.918 
0.938 
0.957 
0.977 
0.990 

0.997 
1 .OOl 

279.4 19.14 0.9271 26.63 0.871 c-129 
293.4 19.41 1.0033 26.45 0.885 0.115 
321.5 19.86 1.0795 26.33 0.393 0.101 
356.6 20.35 1.1684 26.1 t P.905 0.095 
391.1 20.66 1.2954 26.00 0.917 0.003 

444.4 21.21 1.4224 25.82 0.930 0.070 
479.5 21.61 1.5494 25.67 0.941 0.059 
532.1 22.13 1.1399 25.40 0.956 0.044 
bC2.3 22.5r 1.8669 25.34 0.9bS 0.035 
655.0 22.88 2.0514 25.18 0.911 0.023 

690.1 23.05 
101.6 23.14 

2.3114 25.02 0.989 0.011 
2.6289 24.92 0.996 0.004 

2.883 24.87 1 .ooo 0.000 

REH - 1407. 

CM DEH2 - 0.221 CM 
CM DEL199 l 2.328 CU 
CM UINF - 9.90 w/s 

VISC = O.l5514E-04 M2/S 
11~~ - 24.87 OEG C 
IPLATE l 38.55 DEG C 

118 



pw 060177 l +* DWRETE HClE RIG **a NAS-3-14336 STANTCN NUMBER OATA 

TLte= 24.79 OEG C UINF- 9.07 n/s 
RI-t= 15176 KG/n3 vssc- O.l55C2E-CI H2/5 

tlNF= 24.74 OEG C 
XYO- 10.1 cn 

CP’ lC13. J/KCK PR= 

l **lBCC CSL FLAT PLAtF P/0=5*+* 

PLITE X 
1 127.8 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
t 153.2 
1 lSB.2 
e 1e3.3 
9 lti8.4 

rc 173.5 
11 178.6 
1.2 lE3.6 

P 1- z li ::::: 
l! 152.7 
1t 155.4 
17 
le 

:s 
21 
22 
23 
24 
25 
2c 
27 

:: 
3C 
31 
32 
33 
34 
35 
3t 

ISf!.O 
2CC.b 
2C3.2 
2c5.e 
208.5 
211.1 
213.7 
21t.3 
21E.S 
221.6 
224.2 
226.8 
224.4 
i!Z.C 
234.b 
237.3 
239.9 
242.5 - 
445. I 
24l.e 

FEX TO 
C.7407FE 06 30.53 
0.78112E 06 38.53 
C.Hl345E 06 38.55 
0. t4578E Cb 38.49 
O.aldlZE 06 3e.49 
C.SlC45E 06 38.46 
C.r,42li!E Ob 3e.41 
C.S7511E 06 38.42 
O.lCC74E C7 38.42 
C. 1035BE 07 3e.4c 
C.10721E 07 30.44 
0.11044E 07 38.46 
C.ll?SQE 07 30.17 
C..ll457F C7 38.10 
0.11623E 07 30.10 
C.117CrCE 07 3R.29 
O.llSLsE 07 38.29 
0.12124E 07 38.29 
O.lZZSlE 01 38.29 
C. 12457E 07 38.26 
0.12t24E 07 3H.30 
0.127GCE 07 38.29 
0.12957E 07 38.25 
0.13124E 07 38.27 
0.13cSlE 07 38.34 
0.1345uE 07 38.15 
0.13t24F 07 38.30 
0.13141E 07 30.48 
0.13457E 07 3a.30 
0.14124E 07 38.53 
0. 14 2 ‘1’1 E 0 7 38.51 
C.14458E 07 38.42 
0.14C25F 07 30.40 
C. 14 ‘ISLE 07 38.13 
0.1455ec 07 38.32 
c. 15 125E 07 38.32 

0.716 

REENTH 
0.13999E 04 
0.14762E 04 
0.1558bE CI 
C.lb405E 04 
0.17L22E CC 
0.1 bO.?bE 04 
C.lfiu14E 04 
0.1959HE 04 
0.25352E 04 
0.21118E 04 
C.ZlR75F 04 
C.L2623E 04 
0.23lilF CC 
0.23520E 04 
0.2Ja73E 04 
0 7422OE 04 . . 
0.2455bE 04 
0.2589YE 04 
0.252333E 04 
0.255t.bE 04 
0.259C 1E 04 
0,26234E 04 
0.26573E 04 
0.269C9E c4 
0.2723YE 04 
C.275htiE 04 
0.27dF9E 04 
0.2a23yE 04 
0.2U574E 04 
C.Zfl7OlE 04 
O.LYL~LE 04 
C.29559E CC 
0.29db 1E 04 
0.30207E 04 
0.3053GF 04 
C.30!144E 04 

SfAtdtONNO OS1 
0.23879E-02 0.943+04 
0.2455lE-C2 C.950E-04 
0.25 19CE-(12 C.95bE-04 
0.25435E-02 0.96 lE-04 
0.25102E-C2 C. SSaE-04 
C.2462bF-02 0.955E- 04 
0.241bLF-02 0.950E-04 
0.2370YE-02 C.948E-04 
0.23534E-C2 C.94bE-04 
0.23dlbE-l.2 C.053E-04 
C.22552E-(‘2 0.939E-04 
0.2312 IF-02 C.94CE-04 
O.Z1245E-(12 0. tl70E-04 
C.ZOtir!iE-G2 C. A9bE-04 
0.21 SSJE-U2 0.903E-04 
C.ZCC31:E-(12 O.B63E-04 
0.20575+(:2 0.874E-04 
0.2Cj75E-CZ C. 86yE-04 
O.JGbStIE-(!2 0.031E-04 
0.20Lli7E-02 0.85BE-04 
0. LqSlZE-(12 O.O44E-04 
O.ZOObbE-02 0.862 E-04 
C.LOjbOE-02 C.077E-04 
O.l9723E-02 C. 854E-04 
C.l9962E-(IL 0.870E-04 
C.l9437E-02 0.827E-04 
0.20L5llE-02 o.e74~-c4 
0.20535E-112 C.O86E-04 
O.l9645E-02 C.tlZbE-04 
O.lFs~bE-~I2 C.lhLI-04 
0.20501E-1:2 C.B61E-04 
C.l92USE-02 0.93dE-04 
O.l93;9E-C2 O.t144E-04 
O.l9Y.!lE-02 C. A30E-04 
O.lSBSlE-(!2 0.816E-04 
C.l6824E-C2 C.BtlIE-04 

OREEN 
16. 
16. 

:07: 

::: 
17. 
17. 
17. 
17. 
18. 
18. 
la. 
LO. 
18. 
le. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
10. 

ii: 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
18. 
10. 

St1 THEO) RATIO 
0.22543E-02 1.05?) 
0.22354E’OZ 1.098 
0.22173E-02 1.136 
0.22001E-02 1.156 
0.2183bE-02 1.150 
0.21679E-02 1.136 
O.ZlSRE-0.2 1.122 
0.21384E-02 1.109 
0.21245E-02 1.1oe 
0.211lIE-02 1.131 
0.20982E-02 1.094 
0.2085BE-02 1.109 
0.20766F-02 1.023 
0.207C5E-02 0.999 
0.2064bE-02’ 1.046 
0.20587E-02 0.973 
0.2G524E-02 1.002 
0.20472E-02 0.995 
0.2041bE-02 0.962 
0.203blE-02 0.996 
0.20307E-02 0.981 
0.20.Z54E-02 0.991 
0.2@202E-02 1.018 
0.20150E-02 0.979 
0.20099E-02 0.993 
0.20049E-02 0.969 
c.2ooocE-02 1.013 
C.l9951E-02 1.029 
O.l9904E-02 0.987 
O.l’rU!iOE-02 0.990 
C.l9ALOE-02 1.010 
O.l9764E-02 0.976 
C.l971fiE-02 0.980 
C.l9b74E-02 1.007 
C.l963CE-02 1.011 
0.19!1IJbE-02 0.859 



WJh 080977-l l +* OISCRETE HOLE RIG *++ N&S-3-14336 StANTON NUN8kR DATA 

TCCC- 23.CI CEG C UINF- 9.83 n/s TlNF- 22.97 OEG C 
PhC= l.ie4 ww43 vt SC- O.l5334E-04 M2/S XYO= 10.1 CH 
CP= lC13. J/KGK PA= 0.716 

‘**18OC .HSl PrC.4 P/D=5 TH=O ie/VCFfOPT!nUnl*+* 

FLttE 
1’ 127f8 m 
s 132.8 137.5 
4 143.0 
5 14e.1 
t 153.2 
1 1se.2 
t 163.3 
5 lCf.4 

IC 173.5 
11 17e.c 
12 163.6 
13 lE7.5 
14 1SC.l 
15 192.7 
It 155.4 
17 15d.O 
1F 220.6 
19 isz.2 
2c 2c15.8 

f: ::::: 
23 213.7 
24 216.3 
it i1P.S 
2c 221.6 
21 254.2 
2E 226.0 
2T 229.4 
?C 2jL.C 
?l 234.6 
?i 237.3 
33 235.9 
34 242.5 
3: 245.1 
36 247.0 

PEX TO 
C.75455E 06 30.55 
0.78713E 06 38.51 
O.ElS7lE Cb 38.49 
0. E5229E 06 38.48 
C.R8407E 06 35.46 
C.517445 06 3E.42 
C.SSCCZE Cb 38.42 
c. SaZtOE 06 30.40 
C. lOl52E CT 38.59 
0.1047b: C7 30.59 
c. lOhC3E 07 3e.57 
0.1112sE 07 36.59 
C.11377E 07 38.23 
C.llSCCJE 07 30. i7 
0.11712E 07 30.27 
0. lieeli 07 30.55 
O.lZC:OE 07 38.59 
0.12217E 07 39.59 
C. 123ESF 07 38.51 
0.11553E 07 36.59 
C.12721E 07 38.57 
O.lZdkYE 07 38.59 
C. 13CSkE C7 30.40 
0. I3225E C7 3R.51 
C. 133546 07 38.59 
C.135alE 07 3R.30 
0.13729E 07 3W.65 
0.13fiS7E 07 38.?4 
C. lCCC5E 07 38.55 
C. 14232E 07 38.04 
C.144C3E 07 3R.R2 
O.lft56LjE 07 3l3.65 
C.14737E 07 38.65 
0.149C5E 07 38.30 
C. 15C73E 07 38.55 
0.15241E 07 3e.55 

ChCERTL’IhTY IN CEX= 7673. UNCERTAINTY IN F=O.O5>94 IN RATIO 

REENTH 
0.14107E 04 
0.14872E 04 
O.lbhSOE 04 
O.l&!4C9E 04 
0.20141E 04 
0.21061E 04 
0.23527E 04 
0.25255E 04 
0.269CdE CC 
0.28536E 04 
c. 3OOS5E c4 
0.317OOE 04 
0.33lOlE 04 
0.33459E C4 
C.33807F 04 
C.34144F 04 
0.34467E 04 
0.34 7YOE 04 
0.3510AE 04 
0.35427E 04 
0.3514bE 04 
0.3~063E 04 
0.36390E 04 
0.36714E 04 
C.37035E 04 
0.37355t 04 
0.37bdOE 04 
0.3R020E 04 
0.30356E 04 
0.3d660E 04 
0.3YOOUE 04 
C.3933dE 04 
0.39663E 04 
C.39990E 04 
0.40324F C4 
C.4063bE 04 

STdNTDN NO 
0.24316E-02 
C.22bSlE-Oi! 
0.25445E-02 
0.25519E-C2 
0.24620E-C? 
0.24 I72E-02 
0.22?0dE-Ci! 
0.22094E-0: 
0.21CC4E-02 
0.2ljtOE-Oi 
0.209466CZ 
0.2CtlWE-Ci 
a.22342E-CZ 
0.201u4E-02 
0.2115LE-C2 
0.15310E-02 
O.l4334E-C2 
O.l9134E-02 
O.l0732E-02 
O.l9325E-CL 
O.lEbLOE-02 
O.l9CH3E-Oi 
0.191616-02 
O.l@816E-C2 
O.l9304E-CZ 
C.lR80CE-02 
O.l9642E-Ci: 
0.20644E-02 
O.l934lE-C2 
O.l9LSbE-Ci 
C.L979JE-02 
O.l9408E-Oi! 
O.l9349E-CZ 
0.19564E-C: 
0.20190E-Oi 
a. 16S69i-oil 

DST 
0.859E-04 
0.843E-04 
0.874E-04 
C.87t.F-04 
0.867E-04 
0.870E-04 
C. 84t)E-04 
O.I339E-04 
0. ci30E-04 
0.827E-04 
C.f324E-04 
C. b2ZE-04 
O.R7bE-04 
0.857E-04 
0.857E-04 
0. POZE-04 
C.80SE-04 
0. eC2E-04 
0.7ilE-04 
c. 79UE-04 
0.775E-04 
0.8C4E-04 
O.fllOE-04 
0.794E-04 
C.OZlE-04 
0.7756-04 
0. A32E-04 
0. EblE-04 
0.78bE-04 
C.821E-04 
O.RZt(E-04 
o.ecne-04 
C.l31bE-04 
C. 755E-04 
0.85AE-04 
0.8buE-04 

DAEEN 
S. 

1:: 
13. 
15. 
16. 
18. 

::: 
22. 
23. 
24. 
24. 
24* 
24. 
24. 
24. 
24. 
24. 
24. 
24. 
24. 
24. 
24. 

::: 
24. 
24.’ 
24. 
24. 
24. 
24. 
24. 
24. 

::: 

n F t2 THETA 

0.45 0.014’) 26.20: 0.208 
0.40 0.0131 26.36’ 0.218 
0.41 0.0133 26.25 0.211 
0.40 0.0128 26.38 0..220 
0.39 0.0127 26.29 0.215 
0.43 0.0140 26.35 0.219 
0.42 0.0136 26.27 0.213 
0.41) 0.0130 26.40 0.220 
0.39 0.0125 26.30 0.213 
0.38 0.0124 26.52 0.228 
0.38 0.0122 26.41 0.220 

DTM 

0.019 
0. Dl.9 
0.019 
0.019 
0.019 
0.019 
0.014 
0.019 
0.019 
0.019 
0.019 



RUh OlC977-2 l +*-DtSCREtE HOLE RlG l ** NAS13.14336 STANTON NUNt3ER OATA 

TAtI!= 24.17 CEG C UIW- 9.86 n/s TINF= 24.13 DEG C 
FHC= 1.178 KG/n3 VISC= O.l5439F-04 n2/s xro= 10.1 CH 
CP’ lCl4. J/KCK PR= 0.716 

e*,ll?CC H-CL C.O.4 P/D-S TH=l k/VCF~CPTll4UH~*** 

FlATE N PEX TO 
1 127.8 C.751C9E 06 41.44 
2 132.8 0.78352E 06 41.46 
3 137.9 C.e1555E C6 41.42 
4 143.C O.e4fi?EiE 06 41.40 
‘ e 148.1 C.BOC81E 06 41.44 
t 153.2 O.r,1324E 06 41.44 
1 It@.2 C.54567E 06 41.42 
8 163.3 0.97elGE 06 41.44 
5 Ice.4 O.IOICSE 07 41.40 

1c 173.5 C.lC43OF 07 41.40 
I1 178.6 0.10754E 07 41.44 
li 1t3.t C.llCIBE 07 41.46 

P 13 187.5 0.113i5E or 4c.e3 
fl 14 15C.I r).11452E 07 4C.77 

15 lS2.7 O.lltL,sE C7 4C.77 
lt 155.4 O.lIYZIE 07 40.77 
17 ISO.0 0.11554E 07 40.74 
18 2C0.b O.IZItlE 07 4C.74 
1s 2t3.2 C.12326E 07 4C.tC 
2C 225.8 0.12495E 07 4C.62 
il 2Ce.5 O.lZbcZE 07 4C.55 
22 211.1 O.IZcZSE 07 40.57 
23 213.7 0.1299tE 07 4C.39 
24 21t.3 C.13164E 07 40.‘43 
25 218.9 0.1333iE 07 4C.49 
2t 221.t C.134SSE 07 4C.20 
27 ii4.2 0.136ttE 07 CO;07 
2E 22t.e C.11833E 07 40.55 
25 225.4 C.14CCOF 07 40.34 
?C 232.C C.14lL7E 07 4C.57 
31 224.6 0.14334E 07 40.51 
32 237.3 0.145CZF 01 4C.41 
32 235.9 C.14670E 07 40.3tl 
34 242.5 C.14837E 07 4C.11 
3: 245.1 C.15CccE 07 4C.28 
3t 241.0 C.15171E C7 4C.CB 

KEENTH STANTCN NO DST 
0.14042E 04 0.23016E-02 0.781~04 
0.14759E 04 0.21195602 C.762E-04 
0.19352F 04 O.l9511E-02 0.746+04 
0.2425UE 04 O.l7bbtlE-02 0.730E-04 
0.2n723E 04 O.l5L35E-C2 C.70trE-04 
0.321150E 04 O.l4614E-02 0.703E-04 
0.3bCltlE c4 O.l2jYiE-02 0.6aoE-04 
0.41044E 04 O.l0124E-02 0.677E-04 
0.45531E 04 O.l0556E-02 0.677E-04 
0.49S19F 04 C.473tIYE-C3 C.673E-04 
0.534R7E C4 O.92533E-C3 C.E69E-04 
0.57527E C4 O.ObGOZE-03 0.665E-04 
0.6143dE 04 O.l117JE-C2 0.494E-04 
0.61hlYE 04 O.I0412E-02 0.533E-04 
0.6179BE 04 O.llC44E-02 0.53iE-04 
0.619AjE c4 0.11074E-C2 C.533E-04 
0.62174E 04 0.1 ldO5E-02 0.554E-04 
0.62372E 04 O.lltiti4E-C2 C.564E-04 
0.62572f 04 O.l2OClk-02 0.549E-04 
0.62781E 04 C.lZaUlE-02 0.58lE-04 
0.62943E C4 0.125UYE-02 C.56'jE-04 
0.63207E 04 O.l3JSlE-02 O.bOhE-04 
0.6343bE 04 O.l43YZE-C2 C.637E-04 
0.63b70E 04 O.l3542E-02 O.b20E-04 
0.63YOOE 04 0.14C43F-02 0.644E-04 
0.64131E C4 O.l3483E-02 0.613E-04 
0.64382E 04 0.16549E-C2 0.695E-04 
0.6464dE 04 O.lS~bOE-02 C.696E-04 
0.6490X 04 C.lSClSE-C2 0.643E-04 
0.65154E 04 C.l507JE-CZ 0.679E-04 
0.654126 04 C.l51/6E-C2 O.CBdE-04 
O.h5671E 04 O.l5273E-C2 C.674E-04 
O.tSY29E 04 O.l5546E-02 C.btlbE-04 
0.66192E 04 C.l58~3E-02 0.670E-04 
0.6646 1E 04 0.1634Lb02 C.724E-04 
O.Llb714E 04 O.l39!~4E-C2 C.740E-04 

lHCEhtA!hTY Ih REX= 7637. UNCEATAlhtY IN fr0.05294 IN RATIO 

DREEN 
5. 

12. 
21. 
26. 
30. 
33. 
31. 
40. 
43. 
45. 
48. 
50. 
51. 
51. 

::: 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 
51. 

n P t2 THETA 

0.36 0.0123 41.24 0.988 
0.41 0.0133 41.49 1.004 
0.37 0.0120 41.45 1.003 
0.33 0.0106 41.42 0.999 
0.34 0.0109 41.38 0.951 
0.39 0.0125 41.313 O.YYB 
0.40 0.0128 41.41 0.999 
0.35 0.0114 41.27 O.Y69 
0.35 O.Cl14 41.16 0.986 
0.37 0.0119 40.93 0.971 
0.37 0.0118 40.74 0.958 

OtH 

0.016 
0.018 
0.011 
0.018 
0.018 
0.01a 
0.010 
0.018 
0.018 
0.018 
0.01e 



PUh cec977-I 0.0 CtscnElE Potc RT6 l ** NASll-143% StbNTW NUMBER OATA 

l **1lJcc CSL C=O.4 P/C=5 VW0 b/vcf(OPTlNuM3**. 

RUA CaC977-2 l ** CISCRETF !KllF RIG **+ NAS-3-14336 StANTON NIWDER DATA 

l *‘lBCC HSl h0.4 P/O=5 TW=l ~IvcF~oPTlnuMlc** 

llbffl* SUPEnPOSITICN IS APPLIEC TO STANTON NIJRBER CATA PROM 
8th hU*eCPS 000977-l AN0 080977-Z 10 OBTAIN SlAklCN NUMBER DATA Al tC=O AND TM=1 

PLAIE 

: 
3 
4 
s 
b 
7 
B 

IX 

P 
Kl :: 
h) I? 

14 is 
:“t 
:8 
f f 
22 
23 
24 
25 
26 

:: 
29 

:: 
22 
31 
34 
3s 
36 

RCBCCl LC OELZ ST(TH=OI RF XHOT RI! OEL2 ST(TH=ll EtA stcn FCOl STn(l f-HOT LOCI 

75454t.3 
7d712t.l 
LIS?CS.I 
c52ia5.5 
CE4Et5.2 
917444.9 
95CC24.7 
ceztc4.4 

101~184.0 
104176?.0 
lCEC?43.0 
1112~23.0 
1137te3.0 
1154462.0 
ll71241.0 
I It8lCC.O 
12CCFLC.O 
lill7?5.C 
1238518.3 
1255ZSt.O 
1272C75.0 
12CEe!3.0 
1?3:1?2.0 
1322492.0 
1335'52.0 
135bi?C.O 
1372SC9.0 
139st07.0 
14ct4tt.c 
1423245.0 
144CC23.0 
145te83.0 
1473743.0 
lI~C’I~2.0 
150130r).0 
152C.CI9.0 

1410.7 
1487.0 
1569.5 
1658.6 
1747.9 
1837.2 
1923.0 
2036.6 
2C87.B 
2161.9 
2247.0 
2321.6 
23Y9.3 
2430.4 
2410.4 
2508.7 
2544.0 
2580.9 
2616.2 
2651.5 
2686.7 
2721.5 
275r.c 
2192.1 
2026.9 
2861.7 
2856.3 
2932.5 
29bU.S 
3003.1 
303a.c 
3013.0 

0.001144 
0.001154 

0.002432 751oe5.0 1404.2 
O.CO2304 703515.3 1415.9 
O.CO2706 015945.5 1939.9 
0.002766 B4a375.B 2432.1 
O.CCL720 B8OUO6.1 2d74.3 
o.cc27to 913236.3 3267.4 
0.002558 945bbb.b 3665.2 
O.OOi523 970CY6.9 4108.8 
0.002459 1010527.0 4h58.4 
O.CC2462 1042951.0 4960. I 
O.C')2441 1015381.0 5361.3 
O.CO2458 11cI0la.0 5775.1 
0.002572 1132469.0 6180.1 
C.CC2330 114Y16b.0 b19d.O 
O.CO2421 116586tl.O 6215.1 
C.COZI42 lla265O.o 4232.9 
0.002161 1199433.0 6251.4 
O.CO2133 12ILl35.0 6210.6 
C.CCZC76 1232836.0 6290.1 
C.CC2128 1244538.0 6310.4 
O.CO2052 12L6239.0 6331.1 
0.002091 128~941.0 6352.0 
0.002139 1299643.0 6374.5 
O.CC2041 1316425.0 b397.4 
0.002100 1333zoa.o 6420.1 
C.CO2041 1349909.0 6442.6 
c.ca2004 136L611.0 64bl.4 
O.CO2224 1383313.0 b493.7 
O.CO2065 1400014.0 6516.8 
0.002056 141b716.0 6543.6 
0.cc2101 1433417.0 6569.0 
0. CC2066 1450200.0 659+. 7 
0.0c2050 l4bb983.0 6620.1 
O.OOZOhY 14836lJ4.0 6bCb. 1 
0.002135 15003tI6.0 6612.1 
O.COl7B0 1517CE7.0 6697.7 

0.002302 
O.CO2117 
0.00194B 
0.001710 
0.001524 
O.COl458 
O.COl236 
0.001070 
0.001077 
0.000955 
O.OOOa92 
0. OOOBCb 
0.00106i 
0.000994 
0.00105b 
0. co 1069 

wuuu 
0.001 
0.200 
0.360 
0.439 
0.472 
0.517 
0.576 
0.562 
0.612 
0.635 
0.672 
0.501 
0.573 
C.564 
0.501 
c.470 
0.459 
0.435 

.DOOO 

.0147 
0.0131 
0.0133 
0.0121 
0.0127 
0.0140 
0.0136 
0.0130 
0.0125 
0.0124 
0.0122 

0.0000 1.000 
D.0123 2.bD9 
0.0133 2.56. 
0.0120 2.299 
0.0106 2.040 
0.0109 2.073 
0.0125 2.151 
0.0120 2.lOb 
0.0114 I.974 
0.0114 1.671 
0.0119 1.948 
0.01 II 1.usn 

0.409 
0.405 

0.001172 
0.001257 
0.c01222 
0.001276 
0.001414 
O.COl329 
0.001379 
0.001323 
O.OOlb39 
O.Clll511 
0.c01401 
0.0014B7 
D.001556 

c.390 
0.339 
0.349 
0.343 
0.352 
0.213 
0.321 
0.20 
0.277 
0.256 

0.c01504 0;2to 
D.COl53b 0.250 

1.000 
0.930 
1.074 
1.087 
1.083 
1.121 
1.059 
1.064 
1.045 
1.032 
l.Cb4 
1.063 
1.211 
1.126 
1.121 
1.070 
1.050 
1.047 
1.056 
1.049 
1.031 
1.042 
1.040 
1.035 
1.052 
lIO50 
1.029 
1.083 
1.051 
l.(14b 
1.050 
1.072 
I.061 
1.044 
1.076 
I.013 

1.000 
0.062 
0.773 
0. b9b 
0.607 
0.592 
0.511 
0.451 
0.450 
0.400 
0.309 
0.346 
0.531 
0.480 
0.409 
0.534 
0.556 
0.5bb 
0.597 
0.620 
0.613 
0.636 
0.680 
0.674 
O.b91 
O.b80 
0.809 
0.736 
0.754 
0.756 
0.779 

3107.6 
3142.2 
3177.5 
3210.5 

0.0015611 0.242 
O.OOlbl~ 0.243 
0.001~01 0.228 

0; 782 
0.795 
0.791 
0.614 
0.021 

!tAhICh hUn@fC RAtlO BLSPD CN EXPERIMENtAl FLAT PLAIE VALUE AT SAME X lOCATION 

Slmfak LUP~ER R4110 ma TM-~ Is C~NVERTEO to C~YPARAME TRANSPIRATIDN vhm 
fffAG ACOG l 8)/l) fXP@ESSlON IN ttif fILOWN SECTION 



WI OBC777-I l ** DlSCPEtE MOLE RXC *‘* NAS-3-14336 STANTON MJMBER DATA 

TACL= 25.04 OEG C UINF- 9.B6 H/S TlNF- 24.99 OEG C 
PI0 l.l?S KG/H3 VlSC= 0.15499+04 n2/5 XYO- 10.1 CM 
CPW lC12. JIKGK ?R= 0.715 

l **IBCC hSL CmC.90 PLO=5 TWO h/VCF~OPtIHUMl+** 

PLATE x 
1 127.8 
2 132.8 
3 137.9 
4 143.0 
5 148.1 
t 15?.2 
7 15e.2 
I! 163.3 
5 1ce.4 

1c 173.5 
11 17a.t 
12 193.c 

E 13 14 187.5 1sc.1 
W 15 192.7 

1t 155.4 
17 158.0 
1E 2CC.6 
IS 2c3.2 
2C 2C5.8 
21 2CE.5 
22 ill.1 
23 213.7 
24 21t.3 

REX TO 
0.7484lE 06 37.33 
C.fBC73E 06 37.39 
0.913C4E C6 37.45 
O.kC53bE 06 37.43 
0.077tlE 06 37.37 
O.SOSSYF 06 37.28 
C.C,4230E 06 37.49 
0.37462E 06 37.51 
O.lCCt%E G7 37.51 
0.10392E 07 37.35 
C.lO71cE 07 37.19 
O.IlC35E 07 37.27 
0.11204E 01 3t.53 
c. 1.1451F 07 36.50 
0.11t1x 07 36.90 
c.iite4E 07 37.24 
O.IlC5ZE c7 37.24 
0.12lia~ 07 37.20 
C.l?284F 07 37.33 
0.1245lE 07 37.43 
C.12617E 07 37.39 
0.127E4F c7 37.49 
C.12950E Ot 37.39 
C.13117E 07 37.45 

REENTH STAhTCN NO OST 
0.13992E 04 0.253BiE-02 O.l05E-03 
0.14791E 04 O.t4032E-02 0. L03E-03 
0.1676CE 04 0.30157E-C2 0. IOPE-03 
0.1 OtlBbE 04 0.3142bE-02 O.lllE-03 
o.2OYbYE 04 0.31123E-C2 C.lllE-03 
0.23144E CC 0.3?06lE-02 O.l13E-03 
0.25LOtIE 04 0.29L!a5E-02 O.lOdE-03 
0.2726 1E 04 O.ZPC47E-02 O.l07E-03 
0.29217E 04 0.269ldE-02 O.l05E-03 
C.31218E 04 0.285YOE-02 O.lGUE-03 
0.32689E 04 0.275tIlE-CZ O.l07E-03 
0.34753E C4 0.20155E-02 O.lJBE-03 
0.36535E 04 0.29519E-C2 C.llbE-03 
0.37013E 04 0.27Yh3E-02 O.l17E-03 
O.J7491E 04 0.29356E-C2 O.lltiE-03 
0.37952E 04 0.25940E-02 O.lC9E-03 
0.38389E 04 0.26590E-02 O.llOE-03 
0.38827E 04 0.25953E-CZ O.lC&lE-03 
0.3524tlE 04 0.24SZZE-02 O.lOZE-03 
0.3';65UE 04 0.24lYeE-CZ O.lOSE-03 
0.40074E 04 0.25043E-02 O.l03E-03 
0.40464E 04 0.24165E-CZ O.l03F.-03 
0.40092E 04 0.24d25E-C2 C.lCjE-03 
0.4129?E 04 0.23340E-C2 0.992E-04 
0.41'684E 04 0.23550E-C2 O.lOlE-03 
0.42071E 04 0.22997E-02 C.95YE-CC 
0.42460E 04 0.23CbFE-C2 0.101 E-03 
0.42054F 04 0.23644E-52 C.lOlE-03 
0.43242E 04 0.22S25F-C2 G.949E-04 
0.43627E 04 0.23206E-02 0.99tiE-04 
0.44017k 04 0.23t 7ofz-c2 O.lOJE-03 
C.44408E 04 0.23189F-C2 C.S84E-04 
0.44793E 04 0.23071E-02 0.9U7E-04 
0.45179E 04 0.2331 IF-C2 .o. Ob6E-04 

0.45574E 04 0.24114E-02 O.l04k-03 
0.45946E 04 0.20490i-c2 O.l04E-03 

DREW 
5. 

n F 12 THETA 0ty 

14. 0.9B 0.0316 26.32 0.107 
23. 0.94 0.0305 26.42 0.115 

0.025 
0.024 
0.024 
0.025 
0.025 
0.024 
0.024 
0.024 
0.025 
0.025 
0.025 

29. 

Z: 
42. 
45. 
4s. 
52. 
54. 

0.93 0.OjO2 26.3i 0.110 
0.93 O.O@Ol 26.46 0.119 
0.‘?2 0.02V9 '24.'36 0.111 
0.93 0.0302 2b.42 0.115 
0.91 0.0295 26.38 0.111 
0.94 0.0303 26.40 0.113 
0.92 0.0299 25.71 0.058 
0.94 0.0303 26.45 0.118 
0.93 0.0302 26.35 0.110 57. 

59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 

25 216.5 C.l?2E5E C7 37.56 
2t 221.6 0.1345lE 07 37.33 
27 
2e 
29 

i: 
32 
?! 
34 
35 
3t 

224.2 0.13Cl7E 07 37.60 
22t.e C.13704E 07 37.71 
229.4 C.13iSCE 07 37.51 
Zj2.C 0.14117E 07 37.73 
234.6 C.l42k3E 07 37.71 
237.3 0.14450E 07 37.58 
23s.9 C. 14blME 07 37.56 
242.5 0.14704E 07 37.31 
245.1 0.14S5CE c7 37.45 
247.0 O.l>117E 07 37.45 

59. 
59. 
59. 
59. 
59. 
59. 
59. 
59. 
55. 
59. 

1hCERTrINfY IN PFX= 7610. IJNCERTAlkTY IN F=l).C5294 Ik RATIO 



Rub 060777-2 l ** DISCRETE POLE R:G l ** NAS-3-14336 STANTON NUMBER OAtA 

fACB= t*.C2 DEG C UXNF- 9.eb W/S TlNF= 24.78 DEC C 
EHCl I;.179 KG/M3 VIfC= 0.15479*04 M2/S XYO= 10.1 CM 
CPm lC12. J/KCK PP- 0.715 

***JBCC FSL MxC.90 P/D=5 I+-1 h/VCFtOPTlWHJ*** 

PLATE )I REX TO 
1 127.8 0.749C5E 06 39.15 
2 132.e 0.78139E 06 39.58 
3 137.9 O.el373E 06 39.54 
4 143.C O.tl46C7F 06 39.58 
L - 14e.1 C.47U42E 06 39.65 
b 153.2 
7 1se.2 
e 1t3.3 
5 1oe.4 

1C 173.: 
11 170.6 
12 lE3.C 
1’ lE7.5 
1: 1SC.l 
1’ a 192.7 
16 195.4 
11 1SE.C 
1E ZC0.6 
15 iC3.2 
2c ios.O 
21 iCE.5 
22 211.1 
23 213.7 
24 216.3 
25 216.9 
it ii1.C 
27 224.2 
2E 226.0 
2s 229.4 
3c 232.c 
?l 224.t 
32 237.3 
33 235.9 
34 242.5 
32 245.1 
36 247.8 

0.9107tE 06 34.62 
C.S431CE 06 3S.t.S 
9.S7C.44E 06 39.77 
o.l3C7t!E 07 39.79 
C.lC4ClE C7 35.84 
0.107i5E 07 35.f4 
C.llt4eE C7 35.52 
0. IlLS4E 07 39.16 
Oi11463E O? 39.Cb 
0.11027F c7 39.Cb 
0.11754E 07 35.25 
C. !1462E 07 39.25 
0.1212tlE or 39.25 
C.lZZSSE 07 39.2c 
0.124tlE C7 39.24 
C.1262AE 07 39.1t 
G.12755E 07 39.14 
O.lZStlF 07 35:c3 
C.13125E G7 39.01 
0.13LStE 01 39.10 
C.13462E 07 38.09 
0.136i9E 07 39.Gb 
C.1315CE 07 35.14 
0.135CZE 07 38.95 
C.14123E 07 39.12 
C.14255E 07 39.06 
0.14463E 07 3E.55 
c. 14(3OE 07 38.69 
c. 14 I57E 07 38.65 
O.lCS63F 07 38.76 
0. I51 3CE 07 30.76 

REENTH 
0.14004E 04 
C.14773E 04 
0.251766 G4 
C.35096E 04 
0.448bbE 04 
0.54525F 04 
C.64232E 04 
0.73964E 04 
0.83202E 04 
0.92598E 04 
O.lC174E 05 
0.11034E 05 
0.1196'jE 05 
0.11995E 05 
0.12020E 05 
0.1204SE 05 
G.1207OF 05 
G.12395E 05 
0.1212OE 05 
0.12145E 05 
G.12171E 05 
0.12197E 05 
0.12225E 05 
O.l.225ZE 05 
0.1228i)E 05 
0.12307E CS 
0.12336E 05 
0.123C.bE 05 
0.1239bE OS 
C.12425E 05 
0.12456E CS 
C.124137E 05 
0.1251dE 05 
C.12544E 05 
0.1258LE 05 
0.126lJE 05 

STANTON NO 
0.2413bE-02 
0.23394t-02 
0.25423E-02 
0.25384E-02 
0.2368jE-32 
0.23!i27E-02 
O.l92tIBf-02 
O.l6190f-02 
0.156531-02 
O.lSlLtBf-02 
O.l46llf-C2 
O.l3777f-32 
O.lbC62E-02 
O.l4883F-G2 
G.lSIZlt-02 
O.l44GdE-C2 
O.l49bOE-02 
G.l507tIE-C2 
O.l41143t-02 
O.l5546E-C2 
0.1556ZE-02 
0. ItCGJE-CL 
O.l6723f-G2 
G.16j.71E-CZ 
O.l6643F-C2 
0.16476E;CZ 
C.l767YE-02 
O.l8253E-02 
0.1 143lf-C2 
O.l805tif-C2 
G.l0U3Lf-02 
G.l8359E-C2 
O.lP744E-c2 
O.ltl'I42F-c2 
G.19d4f3l-G2 
O.l7192F-02 

DST 
0.89OE-04 
0.886E-04 
C.910E-04 
0.9C4E-04 
0.886E-04 
O.ElLleE-04 
0.043E-04 
C.ElZE-04 
C.@C7E-04 
O.tIOOE-04 
0.797E-04 
C.787E-04 
C.665E-04 
G.LSGE-04 
0.69L)F-04 
C. 66&E-04 
O.fiBOE-04 
G.t88E-04 
G.bbjE-04 
G.650E-04 
C.6SlE-04 
G.?22E-04 
C.741E-04 
0.734E-04 
C.7>4E-G4 
0.724E-04 
0. TTYE-04 
O.A02E-04 
0.748E-04 
O.ROlE-04 
0.815E-04 
0.801E-04 
0.13lL.E-04 
C.74ilF-04 
O.bbLF-04 
O.UUlE-04 

OREEN 
5. 

28. 
47. 
60. 
70. 
79. 
87. 

1::: 
107. 
112. 
118. 
120. 
12c. 
120. 
120. 
12C. 
120. 
12c. 
120. 
120. 
12c. 
120. 
120. 
120. 
120. 
120. 
120. 
120. 
120. 
IZC. 
120. 
12c. 
120. 
120. 
120. 

M F t2 THETA owl 

0.93 0.0301 39.41 0.909 0.021 
0.87 0.0283 39.47 0.995 0.021 
0.86 0.0279 39.52 0.996 0.021 
0.86 0.0278 39.49 O.Y139 0.021 
0.87 0.0280 39.54 0.995 0.021 
0.89 0.0289 39.36 0.980 0.021 
0.05 0.0276 39.42 0.971 0.021 
0.88 0.0264 35.31 0.960 0.021 
0.86 0.0278 39.27 0.962 0.020 
0.87 O.CZB2 39.06 0.948 0.020 
0.@6 0.0280 38.98 0.930 0.020 

,l%CEFTAIhTY Ih LFX= 1617. UNCERTAIhTY IN F=G.O5294 IN RATIO 



Rub OlC777-1 l *e C!SCRETE ratt RIG +*+ NAS-3-14336 

l **leCC kSL M-C.90 P/&S TH=C r/vcFlOPllnUHJ*** 

nub c@cTlt-2 l ** ClSCRETC kOlf LIG l ** )tAS-3-14336 

STANTON WNlER DATA 

STANTON NUMOFR OAIA 

***IROt kS1 C=C.CC P/C-S Tl’=l h/VCFJOPf!MUrJ*** 

lInE4@ SUPFOP@SI TJCN IS APPLJFO TO STANFON NUMBER CAIA FROM 
RIih W”PlPS 080777-L AND 080777-2 TO OBTAIN Sf4NTON hUMBER OATA AT 

PLIlE nFLCC1 

: 
74e411.3 
780726.1 

3 l?I3?4C.9 
4 045z55.0 
5 2llt7C.b 
6 SC996’..4 
1 9423’30.3 
e 514t15.1 
9 JOCbPZY.0 

1c lC?Si44.0 
11 J’J715:5.0 
12 lIcJe?s.o 
13 112ts33.c’ 
14 1145e75.0 
I5 11t1717.fl 
lb 117844C.0 
11 llSr.it3.0 
JO 1iIlfCS.G 
1s 122ercl.c 
zc 1245csc.o 
21 litl742.0 
22 li)C?J4.0 
23 129551t.3 
24 J 311735.0 
25 12284t2.0 
26 13451C4.0 
27 13tl74t.O 
28 137R39b.0 
29 J355C3J.O 
30 141167!.0 
31 1428?1?.0 
32 1445i3e.o 
33 1461761.0 
34 147E4C3.0 
35 1495c45.0 
2t 1511c07.0 

RE OEL2 

1399.2 0.002538 
1479.2 C.CC2411 
1567.8 o.co3075 
1664.6 C.CC3223 
1773.5 O.CO3209 
1879.C O.OOJ318 
1992.0 o.cc3054 
20e0.2 0. CO3C27 
2175.C O.GOZd38 
2269.1 o.oc2590 
2364.2 0.007li90 
24t0.b C.CC3C61 
2536.5 c.co3137 
2587.5 C.CC2976 
2636.3 c.cc3123 
2601.2 0.002752 
2733.6 O.CO2019 
2700.0 0.002 /45 
2024.4 c.co25a5 
2867.6 O.COZtDb 
2‘111 .3 C.CC2634 
2954.3 C.002529 
2947.0 o.orJ2594 
3038.8 O.tC2430 
3c79.5 0.002449 
3119.8 o.cc23e9 
3160.1 0.002449 
32:~. e c. CCL438 
3240.5 C.CC2360 
3280.5 C.CP2391 
3320.7 C.CO2433 
33bO. 8 o.oc23&J5 
3400.4 O.CO2367 
3440.1 O.CO2391 
3480.6 0, CC24 70 
3518.6 O.CO2094 

SlJlH=OJ REXHOl RE on2 STlTWlJ 

749046.6 
78 1388.8 
813731.1 
846013.3 
078415.4 
910?51.8 
943 1QO. 1 
975442.3 

l007?84.0 
1040126.0 
197lc*9.0 
110~811.0 
1129391.0 
1146047.0 
1162704.0 
1175441.0 
J19617a.o 
lzlza34.0 
1229493.0 
124614b.0 
1262Ll93.0 
121L459.0 
1296115.0 
1312852.0 
13295d9.C 
J34b24b.O 
1362902.0 
1379558.0 
1396215.0 
1412fJ71.0 
142’)527.0 
J446264.0 
1463001.0 
1479650.0 
1496314.0 
1512970.0 

1400.4 0.002414 
1477.3 0.002339 
2S28.2 0.002538 
3524.6 0.002505 
450b.b O.CO2362 
5400.3 0.002345 
.b‘tSS.t O.CC1915 
7446.0 0.00158A 
0389.6 0.001529 
9350.9 0.001459 

10302.9 0.001394 
11258.0 O.COl275 
12196.3 0.001514 
122L0.b O.CO1398 
12144.6 0.001478 
12268.3 O.CO1361 
12LYl.4 O.CO14lb 
12315.2 0.001433 
12338.9 0.0014lB 
12363.2 0.001491 
12388.1 o.col4Yl 
lZClj.4 0.001544 
12439.7 O.OOlbl? 
124bb.S O.COl590 
12493.2 O.COl622 
12520.1 O.COlbO3 
12547.9 0.00 1127 
12577.2 0.001789 
J2606.4 0.001706 
12635.3 O.CC1770 
12bb5.5 0.001850 
12696.0 0.001803 
12126.4 O.COl845 
12751.3 0.001864 
12789.2 0.001955 
12819.6 O.OOlb97 

ST#NlON hUCB=R RATIO BASEO CN EXPERIHEN7Al. FLAT PLATE VALUE AT SAME X COCAlION 

rH=0 AND Tk-1 

ETA STCR 

uuuuu 1.000 
0.030 0.982 
0.175 1.221 
0.223 1.267 
C.2b4 1.270 
0.293 1.347 
0.373 1.2e4 
0.475 1.277 
0.461 1.206 
0.512 1.253 
0.518 1.259 
0.586 1.332 
0.517 1.476 
0.530 1.439 
C.527 1.446 
0.506 1.374 
0.498 1.370 
0.478 1.347 
0.452 1.316 
0.420 1.285 
0.434 1.323 
0.389 1.260 
0.377 1.2t2 
0.346 1.232 
0.338 l.22T 
0.329 1.229 
0.295 1.2C9 
0.266 1.187 
0.280 1.2C5 
C.260 1.217 
C.240 l.ZJt 
0.244 1.237 
0.221 1.224 
0.220 1.206 
0.208 1.244 
0.190 1.245 

tf#hlCh LUPEER RATIO FOR TH-l IS CONVERTED TO COMPARABLE TRANSPlRATlON VALUE 
USIkC ALCGtl + BJ/fi EJlPliESSfCN Ik THE RLOYN SECTION 

f-COL 

0.0000 
0.0316 
0.030s 
0.0302 
0.0301 
0.0299 
0.0302 
0.0295 
010303 
0.0299 
0.0303 
0.0302 

STHll 

1.oot 
0.951 
1.001 
0.985 
0.941 
0.957 
0.793 
0.67C 
0.650 
0.611 
0.607 
0.551 
0.713 
0.676 
0.685 
0.679 
O..bOO 
0.103 
0.722 
0.735 
0.149 
0.710 
0.786 
0.806 
0.813 
0.825 
0.152 
0.871 
0.066 
0.901 
0.925 
0.935 
0.954 
0.941 
0.98s 
1.000 

I F-HOT Lolx 

1 0.0000 1.000 
I 0.0301 4.658 
I 0.0283 4.497 
i 0.0279 4.397 

0.0270 4.344 
! 0.0280 4.442 
I 0.0289 4.303 
I 0.027b 4.000 
I 0.0284 4.059 

0.0270 3.060 
1 0.0282 4.021 

0.0280 3.862 



RL’h 0110877-1 l *- OISCRETE HOLE RIG *** NAS-+;4336 STANTON NWGER OATA 

;;$e- 21.76 OFS C UINF= 9.80 n/s TIN- 21.72 OEG C 

cP-= 
1.151 KC/H3 VISC- O.l5209E-04 n2/S XYO- 10.1 CM 
1Cll. J/KCK PR= 0.715 

l **lBOC I-S1 Mrl.25 P/D=5 TH-0 ~/VCFtOPTIWH)*~* 

PLrTE x PE 8 TO 
1 127.8 0.75838E 06 35.43 
2 132-e C.79113E 06 35.35 
3 137.9 O.t32387E 06 35.49 
4 143.0 0.85tcZE Cb 35.47 
5 148.1 O.EeS3bE 06 35.49 
c 153.2 C.SZ?llE 06 35.47 
1 158.2 C.S54PbE 06 35.52 
c lt3.3 C.CH7tCE Cb 35.45 
9 169.4 O.lOZC3E 02 35.41 

1C 17?.5 0.1053IE 07 35.45 
11 17R.t C.lCG58E 07 35.47 
Ii ld3.t O.IIlEbE 07 35.45 

ri l? lE7.5 C.l14?5E 07 34.55 
m 14 lSC.1 O.t!tC3E 07 34.55 

15 152.7 0.11772F G7 34.97 
It 155.4 0.1194lE 07 35.43 
17 198.0 0.12IllE 07 35.45 
IE 2CC.6 0.122HOE 07 35.52 
15 2C3.2 0.1244eE 07 35.62 
2C 2C5.8 0.12617E 07 35.68 
21 ica.5 0.127E5E C7 35.68 
22 211.1 0.12954E 07 35.73 
2.? 213.7 C.13123E 07 35.68 
24 216.3 0.1324iE 07 35.71 
25 218.9 0.134tZE C7 35.85 
26 221.6 0.1363CE 07 35.64 
21 224.2 C.13759E 07 35.52 
2E 2it.a C.ljCjbEE 07 36.02 
2s 225.4 0.14136F 07 35.79 
3C 232.0 0.143C5F 07 36.C4 
31 224.t 0.144i3E G7 35.90 
3r - 227.3 C.14643E 07 35.85 
33 235.5 C.l4f?l~E 07 35.81 
34 242.5 0.145FlE 07 35.52 
3‘ I 245.1 O.l!~1:9F C7 35.68 
3t 247.8 0.1531uf 07 35.ea 

REENTH 
0.14179E 04 
0.15004E 04 
0.173bbE 04 
C.20014E 04 
0.22674E 04 
0.25427E 04 
0.28121E 04 
C.307tlSE 04 
0.33365E 04 
0.36022E 04 
0.36466E CG 
0.411 24F 04 
C.43468E 04 
C.44000E 04 
C.44523E 04 
C.45C22E 04 
0.45491E 04 
0.45955E 04 
0.46395E 04 
C.4L925E 04 
0.47257E 04 
0.4768 1E 04 
0.48101E 04 
0.48.513E 04 
0.40914E 04 
0.4930CE 04 
0.49701E 04 
0.50048E 04 
O.>04d9E 04 
0.53877E C4 

'0.5127lE 04 
C.51666E 04 
0.52057E 04 
0.5245OE 04 
0.52850E 04 
O.5~226E 04 

STANTON NO 
0.25090E-C2 
0.2531 lE-02 
0.30077E-02 
0.32845E-02 
0.33L@bE-C2 
0.35464E-02 
C.31778E-C2 
0.31%61E-02 
0.32120E-C2 
0.32USOE-C2 
0.3012jE-02 
C.31552E-02 
0.32659E-CZ 
0.3CLUOE-C2 
0.3ltlYE-CZ 
0.2747bE-02 
C.ZE!C34E-C2 
0.2bSZdF-02 
0.25L43E-C2 
0.25642E-02 
0.25534E-02 
0.2477bE-C2 
O.Z4969E-02 
C.2'3B49E-C2 
0.23697E-02 
0.2293FE-CZ 
0.23575E-C2 
C.Z!450E-02 
O.ZZSlSE-C2 
C.223llZE-02 
0.2370oE-C2 
0.233YOE-CZ 
0.23LC7E-02 
0.23j78E-C2 
C.24C5!aE-CZ 
0.2ojolF-c2 

DST 
0.957E-04 
0.963E-04 
O.lOlE-03 
O.l05E-03 
0. IOSE-03 
C.lCbE-03 
C.l03E-03 
O.lCilE-03 
C.l04E-03 
O.lC5E-03 
c. IOlE-03 
O.l04E-03 
0.124E-03 
O.lZiE-03 
O.l23E-03 
O.llZE-03 
O.llZE-03 
O.lOtlE-03 
O.lOlE-03 
C.lCSE-03 
0.102Ey03 
O.l,fXE-03 
O.lOlE-03 
C.975E-04 
0.984E-04 
0.92bE-04 
C.973E-04 
0.972E-04 
C.91')E-04 
C.SOCE-04 
C.971F-04 
C.944E-04 
O.960E-04 
C.S37E-04 
C.lOOE-03 
O.lOlE-03 

OREEN 

156: 
27. 
34. 
41. 
46. 
52. 
56. 
6C. 
64. 
68. 
71. 
73. 
73. 
73. 
73. 
73. 

::: 
73. 
13. 
73. 
13. 
73. 
73. 
73. 
73. 
73. 
73. 
73. 
73. 
73. 

::: 
73. 
73. 

n F 12 THETA 

8.21 0.0390 23.27 0.1 
1.26 0.0408 23.38 0.1 
;.28 0.0413 23.32 0.1 
..25 0.0406 23.40 0.1 
t.29 0.0419. 23.31 0.1 
..2fl 0.0415 23.36 0.1 
..27 0.0412 23.28 0.1 
..27 0.0411 23.34 0.1 
1.24 0.0402 23.19 0.1 
..27 0.0411 23.39 0.1 
..25 0.0405 23.32 0.1 

:z 
lb 
19 
14 
LB 
07 
22 
17 

OTM 

O-022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

LNCFWlb1NTY IN REX= 7712. UYCEfiTAlNTY 1N F=O.O5294 IFi RATIO 



Wh: 080877-2 *** OXSCPETE HOLE RXG +** NAS-3-14336 STMON NUH~ER DATA 

TbCC= 24.79 DFG C UlNF= 9.86 H/S 
PHC- 1.178 KG/M3 VISC- 0.15482E04 H2/S 

tlNF= ";',*,Dzn" C 
XYO= . 

CP= lC13. J/KCK PR= 0.716 

++*ltIDO'HSL h1.25 P/D=5 fH=1 h/VCF(OPTIWCJ*** 

PLETE > REX TO 
1 127.8 0.74523E Cb 38.51 
2 132.8 C.ltr158E 06 38.55 
? 137.9 0.81343E 06 38.51 
4 143.0 Oa.E4628E 06 38.53 
5 IStr.1 O.tI7tl63E 06 30.48 
t 153.2 C.SlCSBE 06 3e.51 
1 158.2 0.54333E 06 38.57 
I! 163.3 0.5756PE 06 38.55 
5 ice.4 C.1CCacE 07 30.t7 

1c 173.5 0.1'34C4E 07 38.70 
11 178.6 0.15727E 07 38.70 
12 183.6 O.llO:lE C7 38.57 

I-J 
N 

1’ 
1; 

167.5 O.llLC,IE 07 37.62 
a 150.1 0.11463E 07 37.51 

15 192.7 O.lll?OE 07 37.52 
I( 155.4 C.Il757E 07 37.71 
17 Isa.0 O.IlBtfE 07 37.C6 
1E 2CC.b 0.1213LE C7 37.60 
I5 iO?.2 O.l22S@E 07 37.64 
2C 2C5.8 0.12465E 07 37.7C 
21 
22 
23 
24 
i! 
2t 
27 
2E 
25 
!C 
31 
3i 
31 

2CE.5 
211.1 
213.7 
216.3 
21E.5 
221.6 
224.2 
2it.a 
ii9.4 
2?2.C 
224.C 
2?7.3 
2?9.9 

C.12631E 07 37.66 
0.127GdE 07 37.66 
O.lZ'it4E 07 
0.13132E 07 
C.13259E C7 
C.134tbE 01 
C.13632E 07 
0.13759E 07 
O.l3S(6F 07 
C.1413LE 07 
C.14259E 07 
0.144btE 07 
0.14634E 07 

37.58 
3'7.60 
37.68 
37.51 
3i.60 
37.71 
37.54 
37.70 
37.66 
37.54 
37.51 

34 242.5 0.14000E 07 37.30 
?C 245.1 C.l4%67F 07 37.41 
36 247.8 0.15133E 07 37.41 

1hCERTLINTY It4 GEX= 7618. 

PEENTH SThNTON NO OST 
0.1400bE 04 0.24362+02 0.949E-04 
0.14027E 04 0.262736.C2 C.967E-04 
0.27724E 04 0.23141E-02 O.?36E-04 
0.37877E CC 0.2777tIE-02 0.985E-04 
0.51094E 04 0.27716E-CL 0.9tIlE-04 
C.64245E 04 0.25609E-02 0.962E-04 
0.77746E 04 0.2123rE-C2 C.915E-04 
0.90YC3E 04 O.l9317E-C2 0.65UE-04 
O.lOCO>E OS O.l7791E-02 0.879E-04 
O.llbABE 05 O.l7610E-C2 0.87oF-04 
0.12551E 05 O.l5d40E-02 C.tIb?E-04 
C.1421sE OS O.ItlCZE-CL C.871k-04 
0.15455E 05 O.l5372E-02 C.b54E-C4 
0.154EOE 05 0.14167E-02 0.70dE-04 
0.15504E 05 O.l4dGGE-02 C.b99E-04 
0.15528E 05 O.l332cE-02 O.bbSE-04 
0.15551F 05 C.l4CY>E-02 C.b7bE-04 
0.15574E 05 o.l319aE-02 O.b77E-04 
0.15597E 05 0.1364uE-02 0.652E-04 
0.15620E 05 0.14055E-02 C.b67E-04 
0.15643E 05 O.l4242E-02 0.675:s04 
0.15667E 05 O.l4232E-C2 C.6'r4E-04 
0.1569ZE 05 0.14M75E-C2 c.710t-04 
0.15716E 05 O.l4250E-CZ C.659E-04 
C.1574OE 05 O.l4bCZE-C2 C.714E-04 
0.15765E 05 0.14accE-c2 O.b99E-04 
0.1579UE 05 O.l5320E-02 C.'IJlE-04 
0.15U16E OS O.l5870E-02 0.748E-04 
0.15042E 05 O.l5439E-CZ C.710E-04 
0.15BbSE 05 O.l5d70E-C2 C.756E-04 
O.l5t\Y5E 05 C. lbtZlE-C2 C.769E-04 
0.1592ZE 05 0.162 75E-CZ 0.7bCE-04 
0.15950E 05 C.l6643E-C2 C.772E-04 
0.1597tlE 05 O.i6437E-C2 C.T5tlE-04 
O.lbOC7E 05 0.17>8oE-02 0.820E-04 
O.lbOj4E 05 0.14555E-C2 O.AjOE-04 

WICERTAINTY IN FzO.05234 IN RATIO 

OREEN 
5. 

35. 
57. 
73. 

1:;: 
114. 
125. 
135. 
144. 
152. 
160. 
164. 
164. 
164. 
164. 
164. 
164. 
1t4. 
164. 
164. 
164. 
164. 
164. 
lb4. 
164. 
164. 
164. 
164. 
164. 
1t4. 
164. 
1t4. 
164. 
1t4. 
164. 

n t T2 THETA 

1.14 0.0369 38.73 I.013 
1.19 OeO384 35.10 0.152 
1.14 0.0374 38.77 1.017 
1.15 0.0373 38.74 It020 
1.20 0.0387 38.76 l.OlB 
1.20 0.03d7 38.55 0.998 
1.19 0.0386 38.62 1.005 
1.20 0.0387 38.38 0.980 
1.19 0.0382 313.38 0.977 
1.20 0.03~9 38.22 0.565 
A.19 0.03t15 38.03 0.961 

OTH 

0.023 
0.022 
0.023 
0.023 
0.023 
0.022 
0.023 
0.022 
0.022 
0.022 
0.022 



l **IOCC FJl m=l.25 P/Da5 W-0 C/VCFlOPTItWM(l*** 

IUI MCd?t-2 l ** CISCAETE LOlE RIG’+** NAS-3-14336 STANTON NUMlER CATA 

***lOdO )cSl F-1.2s P/O=5 TH*I L/VCFIOPT!MUF)**@ 

LlLFAP SkPFIPOSIlICN IS APPLIEC 10 SlAkTGN NUPISER OATA FROM 
FUL ‘.UPetPS C80877-1 1'40 080877-2.70 OBTAIN STANTON MJMBER DATA AT ?timO AND TM=1 

Plate @EXCCl RE DLL2 STflH=Ol R EXHOT RE OEl2 STf TM=11 ETA STCR F-ml STHR wmT LOGO 

: 
3. 
4 
5 
b 
7 
0 
5 

:t 
I2 
I? 
14 
I5 
16 
17 
IO 
19 
2c 
il 
22 
21 
24 
25 
26 
i7 
28 
29 
?C 
11 
32 
33 
34 
35 
36 

wlJuu 
**IL+ 

7fC312.8 1417.9 0.002509 749232.7 1400.8 0.002436 
75112e.l 1500.2 o.cc2519 781583.0 1482.6 0. CO2626 
823t73.5 1592.4 o.oc3114 813933.3 2754.1 o.co22oa 
el,tt1e.9 1638.5 O.CO3363 tl46283.6 4075.1 0. CC27CI 
te53t4.3 ieo9.2 O.CO3402 810633.9 5375.3 0.032783 
V?2 109.6 IY25.1 0. CC3677 v 10994.2 6bb7.4 0.002582 
S54E55.0 2039.7 c.cc3317 943334.5 7995.2 O.CO2134 
stJ7tcc.4 2149.0 O.OC3362 975684.0 9313.4 o.co1934 

lCZC?45.0 2259.8 O.CO3402 1008935.0 10621.6 O.COI 767 
lo’?csl.o 2372.b 0.00?4l58 1040385.0 11929.4 0.001723 
1ca5e3t.o 2482.1 O.CC32C3 1072735.0 13219.2 0.001536 
1llE~aI.c 25SC.6 O.GC3419 1105086.0 14528.5 0.001541 
11434L8.q 2676.2 o.oc3510 1129672.0 15Ell.P 0.001462 
llLC?32.0 2733.3 O.CC:256 1146332.0 15835.3 o.cc1347 
117719t.o 27n9.5 o.ou3405 1162993.0 15d58.3 0.001412 
1194141.0 Z’JC3.1 C.CC2548 llr9?34.0 ISt380.7 o.co1271 
12llIE7.0 2893.4 0.003000 1196415.0 15902.5 0.031349 
1221551.0 2943.C o.cczate 1213135.0 15924.8 O.CO13L3 
1244el!.O 299o.c O.OC2688 11297Y6.0 15946.8 0.001314 
1261t7c.o 3035.7 o.ccLI2e 1246456.0 15569.1 0.00!355 
127E’.4?.C 3oel.t c.cci713 1263117.0 15991.9 O.CClJ15 
lZS54CC.O 3126.7 0.002627 1219777.0 16Cl4.8 0.00 I377 
171227C.O 3171.2 O.CC2637 i29b43a.o lbO38.3 O.COI444 
132921t.0 3214.7 O.OC2520 1313179.0 16C62.0 o.o013t)7 
1!46lti.o 3257.C 0.002498 1329920.0 IEC85.4 O.CO1425 
13c312’..0 3298.5 o.coi409 1346580.0 16109.3 0. co1445 
13?5f?ES.O 3339.7 0.302474 1363241.0 16133.9 O.COl4Yb 
13sc153.0 3381.3 C.CC2452 1379901.0 16159.3 0.001554 
1413c17.0 3422.2 0. CO2397 1396562.0 161ti4.9 0.001511 
143c49 1.0 3462.7 O.CC2399 1413222.0 16210.4 0.001556 
lSG7345.0 3503.8 0.002411 142908~.0 16237.0 0.00 1631 
146429 1.0 3545.c 0. CO2405 1446624.0 16263.9 0.00 1590 
14FlL3t.o 3505.7 C.002413 1463365.0 16290.9 0.001636 
149BICC.0 3626.5 0.002429 i4eoo25.0 16118.4 0.001666 
lSl4S64.0 3660.1 0.002497 14Ybb06.0 16346.8 0.001731 
1531C2E.O 3707.1 0.002115 1513346.0 16373.5 0.001472 

l.OCO 
1.026 
1.236 
1.322 
1.355 
1.453 
1.373 

0.291 
0.197 
0.182 
0.298 
0.357 
0.425 
0.481 
0.506 
0.520 
0.549 
0.503 
0.586 
0.505 
0.569 
0.550 
0.540 
O.Sll 
0.503 
c.493 
0.476 

1.418 
1.446 
1.462 
1.396 
1.478 
1.652 

0.0000 
0.0390 
0.0408 
0.0413 
0.0406 
0.0419 
0.0415 
0.0412 
0.0411 
0.0402 
0.0411 
0.0405 

I .ooo 
5.544 
5.23 1 
5.455 
5.567 
5.668 
5.420 
5.350 
5.250 
5.097 
5.186 
5.113 

1.574 
1.577 

0.453 
0.449 
0.430 
0.400 

1.472 
1.458 
1.413 
1.361 
1.345 
1.362 
1.3c9 
I.283 
1.270 
1.251 
I.239 
1.221 
1.194 
1.220 
1.220 
1.239 
1.248 
I.249 
1.225 
1.258 
1.257 

0.395 
0.366 
0.370 
0.351 
0.34 c 
0.336 
0.322 
0.314 
0.307 
0.304 

1.000 0.0000 
1.070 0.0369 
0.876 0.0384 
I.Ob2 0.0374 
I. 109 0.0373 
I.048 0.0307 
0.883 0.0387 
0.816 0.0304 
0.751 0.0317 
0.722 0.0302 
0.669 0.0389 
0.666 0.0385 
0.6BL) 
0.651 
0.654 
0.b35 
O.‘bSb 
0.649 
O.bb9 
0.668 
0.691 
0.606 
0.702 
0.703 
0.714 
0.743 
0.739 
0.757 
0.7bV 
0.792 
0.816 
0.829 
O’.Wb 
0.840 
0.872 
0.875 

SlfihTCh lrUC8FR RAT10 BASED Oh EXPEPlt4ENTt.L FLA? PLATE VALUE Al S4ME X LOCATION 

!TdkTm LUCCEL RAT10 FOR TH*l IS CONVERTEO TO CCCP4RAELE TAANSPlRAT~ON VALUE 
USIRG ALCGII t ll)/fI EXPRESSION IN THE DLOUN SECTION 



CUh 073077-1 l ** OSSCRETE HCLE RIG **a NAS-3-14336 STANTON NUMBER MTA 

TbCe- 28.88 OEG C UINF- 10.00 H/S tINF= 21.M OEG C 
PHC= l.lSF KC/Y3 VlSC- 0.15096f-04 IQ/f XYO- 10.1 CM 
CP- lC13. J/KGK PR= 0.715 

*+'llOC I-SL H-l.SC P/O=5 lH=O L/VCF(!3PTIHUH)+** 

PLLTE X 
1 127.a 
2 132.8 
'1 
; 137.9 143.0 
s 14S.l 
c 15?.2 
I 15S.2 
t It?.? 
9 lb8.4 

IC 173.5 
II I7e.e 
12 123.6 

r 1' 

s: 1; ::,‘:: 

Ii lL 152.7 155.4 
I? 15e.c 
1E 2CC.6 
15 223.2 
2c 2c5.e 
21 238.5 
22 211.1 
23 213.7 
24 216.3 
2c a ile.5 
26 
27 
2e 
25 
3c 
31 
,- 
;; 
34 
35 
?C 

221.6 
224.2 
226.8 
225.4 
222.0 
234.b 
231.3 
234.9 
245.5 
245.1 
247.e 

EEX TO 
C.74043F 06 40.00 
0.77240E 06 35.56 
O.k?Q4jtE 06 40.03 
0.t3t 34E Cb 40.01 
O.BbO?lE 06 35.S8 
C.SOC2fiE 06 39.52 
0.93225E 06 35.86 
C.St422E Cb 39.92 
0.69c15F Ch 40.03 
c. 102MZE 07 3S.52 
C.IC~ClF 07 4C.CI 
0.109ilE 07 34.94 
C.11 lt4E 07 35.25 
0.11325E Gt 35.25 
C.llbSjE 07 39.25 
C.llLS',E 07 39.73 
O.llB24E 07 35.75 
O.llSB9E 07 39.@1 
0.12 154E 07 39.e4 
C.1231UE 07 39.40 
0.12483E 07 39.5c 
O.ILt47E 07 3S.S4 
O.li6lLE 07 39.52 
O.lLO'IHE 07 39.94 
C.13143E 07 40.05 
0.133CdE 07 35.5c 
C.l34?2E 07 4C.13 
O.l3e?7E 07 40.19 
0.13OCZE 07 4C.03 
0.13SttE 07 42.20 
0.141JlE 07 4C.2C 
0.14256E 07 40.39 
0.144tZE 07 4C.CS 
0.1462tE 07 34.@6 
0.1475lF C7 39.98 
C.1455bE 07 35.90 

AEENTH 
0.13843E 04 
0.14bljE 04 
O.lo589E 04 
0.1883bE 04 
0.211boE 04 
0.23657E 04 
0.26090E 04 
0.2857sE C4 
0.30db4E 04 
0.33326E 04 
0.35bbZE 04 
0.380YOt 04 
0.40222E 04 
0.497hOE 04 
C.41276E- 04 
0.41753E 04 
C.42106E Cb 
0.42608E 04 
C.43007E 04 
0.4J397E 04 
0.437Vi)F 04 
0.44175E c4 
0.44553E 04 
0.44526E 04 
0.4529GE 04 
0.45646E 04 
0.41~OOOF 04 
0.46351E 04 
0.467C9E 04 
0.470SSE 04 
0.47*llE 04 
0.47764E 04 
0.4011LE 04 
0.4d45?E 04 
0.4UHIZE 04 
0.4714OE 04 

STANTCN NC DST CREEN 
0.2419SE-C2 O.l13E-03 5. 
C.23981E-c2 O.l13E-03 22. 
0.30058E-C2 O.l19E-03 37. 
0.33625E-C2 0.1236-03 47. 
0.3560&lE-C2 C.l26E-03 56. 
C.37!~71+C2 O.l29E-03 63. 
0.35SsOE-C2 0.1276-03 70. 
0.37275E-Lt O.lZtlE-03 76. 
0.32&b9E-C2 C.l22E-03 82. 
0.39t7SE-f2 c.132t-03 87. 
C.32388E-I2 0.122E-03 92. 
0.3537SE-C2 C.l26E-03 97. 
0.34557E-(12 O.I3bE-03 99. 
0.30155E-(2 C.l31E-03 99. 
0.31759E-(12 C.l30E-03 99. 
C.Z6133E-C2 O.l14E-03 95. 
0.2637cjE-(2 C.lllE-03 99. 
0.246>jF-Cl2 C.lCiiE-03 55. 
0.2:3!16OE-II2 O.IOZE-03 55. 
O.L31dZE-C12 O.l02E-03 es. 
0.2367bE-I:2 O.lOjE-03 99. 
0.22312E-(I2 O.lOlE-03 95. 
0.22L100E-02 C.lOlE-03 99. 
0.22331E-L:2 C.C;S4E-04 99. 
0.2l&iZBE-(12 0.9tr7t-04 99. 
O.ZiJ71t-1:2 C.944f-04 99. 
0.21624E-02 0.975F-04 SF. 
0.21627E-02 C.97jE-04 99. 
0.21123E-C2 0.920t-04 55. 
0.21LtJdE-02 0.96UF-04 99. 
0.214YbE-I:2 C.qbbE-04 99. 
O.ZlL3i)E-L!2 C.955E-04 55. 
C.2CjY5E-02 O.‘i53E-04 99. 
0.211!Joi-rl2 C.Yc?'iE-04 99. 
G.Z1672E-1:2 C.4S3E-04 99. 
o.ltuUIIE-I:Z C.9'75E-04 99. 

UNCERTAINTY IN F=0.0!1187 IN RATIO 

n ? T2 THETA 

1.48 0.0419 29.64 0.073 
1.44 0.0465 29.76 0.083 
1.47 0.0475 29.73 0.080 
1.45 0.0468 29.82 0.088 
1.48 0.0479 29.75 O.C82 
1.46 0.0473 29.79 0.007 
1.43 0.0461 29.71 0.079 
1.47 0.0475 29.79 0.086 
1.45 0.0469 29.71 O.Ct9 
1.43 0.0464 29.85 0.091 
1.46 0.0471 29.78 0.085 

DTH 

0.028 
0.027 
0.027 
0.027 
0.028 
0.028 
0.028 
0.021 
0.028 
O.G27 
0.028 

LhtERl~Ihf~ 1~; PFX= 8760. 



PUh 073077~2 l ++ DISCRETE HOLE RIG **+ NAS=-3.14336 STANTON NUMBER OATA 

TACe- 22.14 OFG C UlNF- 10.06 n/s TlNF- 32.09 OEG C 
PHC= I.145 ut/n3 vrsc= O.l6196E-04 HZ/S XYO= 10.1 CM 
CP= 1Cl5. J/KtK PQ= 0.716 

**‘lBCC hfl M=l.50 P/D=5 TH=l k/VCF(OPTlMUHI**+ 

FLLTE X FEX 10 
1 121.8 0.73lC9E 06 44.26 
i 132-e C.162bbE 06 44.15 
3 131.5 C.79C23E 06 44.18 
4 143.0 0.132574E 06 44.2C 
c M 14e.1 O.E573bE 06 44.20 
t 153.2 O.RRBS3F 06 44.LC 
7 15tl.2 C.‘rLCSOE 06 44.15 
8 163.3 0.9SZCLE 06 44.22 
5 ltfl.4 C.Sa363E 06 44.11 

IC 173.5 0.1015ZF 01 44.20 
11 178.6 0.134686 Ot 44.11 
12 le3.t 0.10183E 01 44.18 
l? 187.5 O.IlGi3E 07 44.22 

;; a 192.7 ISC.1 0.1134dE O.flletF 07 07 44.32 44.32 
1t 155.4 O.IlSlCE 07 44.54 
11 1Se.O O.lILt5E Ct 44.54 
18 ZCO.6 O.llH?UE 01 44.54 
1s 2c3.2 C.lZCC3C 07 44.49 
2c 2C5.8 0.121CjE 01 44.45 
21 2Ce.5 C.lZ>ZSE 07 44.45 
2i ill.1 0.124EfJE 01 44.45 
2I 213.1 C.12651E 01 44.45 
f’: 

2; 

216.3 21e.s C.l2$)7E C.12814E 01 Cl 44.49 44.41 

221.6 C.13140E 07 44.34 
27 224.2 C.133CiE 07 44.51 
2E 22C.e C.13465E 07 44.52 
29 229.4 C.13LZtlE 01 44.41 
3C 232.C 0.13tSOE 07 44.54 
31 234.6 O.lj553F OF 44.52 
32 237.3 0.14116E 07 44.43 
33 235.5 C.I4L79F 01 44.41 
34 242.5 0.14442E 07 44.22 
35 245.1 O.I+tiCSE Ct 44.32 
3t 247.8 0.14lttE 07 44.32 

LhCEPTbINTY IN REX= d649. 

PEENTH 
0.13669E 04 
Ci.14453E 04 
0.29318E 04 
0.43630E 04 
0.5790YE 04 
O.TL33lE 04 
O.tJbbB/E 04 
0.1003tE 05 
0.11513E 05 
0.1294tlt 05 
0.14358E 05 
0.15tC9E 05 
0.17196E 05 
0.11223E 05 
0.1724YE 05 
0.17274E C5 
0.1729S.E 05 
0.17322E 05 
0.11345E 05 
0.1136YE 05 
0.17394E 05 
0.1141tiE 05 
0.17443t 05 
0.17468E 05 
0.17494E 05 
0.17519E 05 
0.17545E 05 
0.17572E C5 
0.1759RE 05 
0.11625E 05 
0.17652' 05 
O.ltbaOE 05 
O.ltlClE 05 
0.17735E OS 
0.17763E 05 
0.17790E 05 

STANTCN NO OST OREEN 
0.24629E-CZ O.I06E-03 5. 
0.25063E-O;! C.l OIE-03 42. 
O.L9259E-02 O.lllE-03 71. 
0.31120E-02 C.llhE-03 90. 
0.3C696E-CZ O.l12E-03 101. 
O.Zn442E-C;! C.IIOE-03 121. 
0.244ult-O,! O.l06E-03 133. 
0.22.!43E-O;! 0.104E-03 145. 
C.ZIOYOE-CZ O.l03E-03 156. 
0.21066E-02 O.l03E-03 166. 
0.11117E-02 C.lOOE-03 115. 
O.ltbbbE-02 O.lGOE-03 184. 
C.l7646E-C;! 0.1s lE-04 189. 
O.l5737F-O.! 0.786E-04 109. 
O.l6523E-02 O.l68E-04 189. 
O.l44ttE-O;! O.llOF-04 189. 
O.L4dO5E-02 O.t20E-04 189. 
O.l4443E-02 C.t14E-04 189. 
O.l422rE-Oi! 0.60ElE-04 185. 
O.l4930E-02 C.tLlE-04 189. 
O.l50lOE-02 C. 72OE-04 189. 
O.ISLJCE-CL C. ?45E-04 109. 
O.l5532F-CZ C.l54E-04 189. 
0.15420+02 C.?SlE-04 109. 
O.l5053E-02 0.765E-04 109. 
O.l545bE-02 O.l39E-04 189. 
O.lt15LE-C2 O.tt@E-04 189. 
0. IbaSJt-OZ C.t56E-04 189.' 
0.155blF-o;! 0.14 IE-04 189. 
O.l6599E-02 U.T97E-04 189. 
c. 17002F-O,! C.BOlE-04 189. 
O.l6dOLF-Ci! O.l4tE-04 189. 
0.17041~-02 0.803E-04 189. 
o.lcs39Tr-c;! c. 171E-04 189. 
O.ltd55E-02 0.847E-04 184. 
O.l5044k-CZ O.B!itIE-C4 189. 

tJNt.ERTAIHtY IN F=0.05287 IN RATIO 

n F ‘I2 THETA OTH 

1.41 0.0457 43.85 0.976 0.026 
1.36 0.0439 43.71 0.961 0.025 
1.35 0.0430 43.75 0.963 0.025 
1.36 0.0440 43.86 0.912 0.025 
1.35 0.0430 43.93 0.918 0.026 
1.34 0.0435 43.90 0.979 0.026 
1.35 0.0437 44.02 0.984 0.026 
1.31 0.0444 43.88 0.916 0.026 
1.36 0.0440 43.86 0.972 0.025 
1.38 0.04*1 43.80 0.975 0.026 
1.38 0.0446 43.82 0.910 0.026 



PUh CtlCTT-1 *** OXSCRETE HOLE RIG a** NAS-3-14346 StANtON MJMOER DATA 

l **1ooc Ml q =1.5c P/O=5 n-0 b/vCr~oPTrmua~*** 

PUh 0?3CT?-2 l ** ClfCptlE POLE RIG ‘+* NAS-3-14336 STlNtON MJnlER OAT1 

l **llCC PSl *=1.50 P/D=5 Tb.1 W/VCFfOPTlMU~)*** 

1ILfAR SUPFAPCSSTlGN IS APPLIEC TO STAtJlON NUMBER OATA CROW 
LYh lili"efRI 073077-l AND 073Or7-2 TO OBTAIN STANTON t#JllfJER DATA AT 

PLllF Pf >CCl 

: lSC432.l 712402.4 
3 BC4312.7 
4 836343.0 
5 eta313.3 
6 9’JCi0?.6 
t 932253.9 
I 9tsi25.3 
9 9LblY5.6 

1c IC2@164.0 
11 lCbCl35.0 
12 lC921CS.C 
13 lll6rCz.I 
14 1132P67.0 
1: 114F332.0 
lb 116501t.O 
17 llef421.0 
10 llsBeet.0 
19 121535c.o 
20 1231tl5.C 
21 124828C.O 
22 12tclsS.O 
23 lIali99.0 
24 lZ'i1114.0 
25 13142SS.O 
26 133c7t3.0 
21 134722e.o 
2e 13C3(?3.0 
i9 L3~Cl57.0 
30 139tt22.0 
31 1413C~7.0 
32 lCi9t31.0 
33 14401 It.0 
34 14t2t41.0 
35 1479 105.0 
3t 14s557c . 0 

CE OElZ 

1314.3 
1461.2 
15Sl.S 
1649.8 
1762.C 
1881.4 
zocz. 1 
2123.0 
2239.2 
2359. b 
2419.9 
2592.9 
2681.6 
2738.1 
2792. I 

STflH=Ol 

o.oc2czo 
O.OC2389 
0.003013 
0. CC3386 
O.CC3629 
O.CC3844 
O.CC3702 
0.003866 
c. cc3357 
o.cc4139 
C.CO3385 
O.CO3Gel 
0.003624 
C.CC3230 
0.003328 

2842.C C.CC2I30 
2801.2 0.002753 
2931.3 0.002581 
2972.0 O.CC2449 
3013.3 0.002466 
3054.0 O.CO2475 
3053.9 O.CC2J68 
3132.9 0.002J63 
3lll.S O.CO2302 
3208.9 0.002244 
3245.5 C.CO2196 
3281.0 0.002217 
3318.3 o.cc2210 
3354.4 0.002164 
3350.2 0.002116 
3426.2 C.CO2194 
3462.1 O.OCZlbl 
3497.6 0.002139 
3533.0 0.00215t 
3569.0 O.CC22C5 
3602.3 O.COl839 

PEXHOT 

731093.b 
762bbO. 6 
79422 1.8 
0251’34.8 
857361.9 
.3Otl929.0 
920496.1 
9520bj.l 
983630.3 

1015197.0 
1046764.0 
101a331.0 
1102322.0 
1118579.0 
1134836.0 
1151112.0 
1167508.0 
1183765.0 
1200022.0 
1216279.0 
123253t.o 
1240793.0 
12~~5050.0 
12BL386.0 
1297122.C 
1313979.0 
1330236.0 
1346493.0 
13627>1.0 
1379006.0 
1395265.0 
14l16O0.0 
1427V36.0 
1444193.0 
1460450.0 
147b708.0 

RE DE12 STtlI'*lJ 

1366.9 0.002463 
1445.3 O.CO2509 
2912.7 0.002923 
4452.5 0.003101 
5933.7 0.003051 
1411.5 0.002816 
H9t7.3 O.CC2421 

10323.6 0.002193 
11771.3 0.002083 
13230.0 0.002052 
146tlb.b 0.001665 
16151.1 0.001712 
17599.0 0.001712 
11tz5.4 O.C0152? 
17650.8 0.001605 
17675.4 0.001411 
llbYd.b 0.001444 
17721.8 0.001412 
17744.7 o.col3Y4 
177b7.9 0.001465 
11791.9 o.co1479 
17816.1 0.001496 
17840.7 O.COl530 
118t5.5 O.COl520 
17890.5 0.001546 
17715.5 O.COl527 
17940.9 0.001598 
17967.5 O.COlbtO 
11993.9 0.001580 
lPC20.2 O.OOlb45 
18047.3 O.OOlh86 
ldO~/Q.b O.COl66b 
18101.9 O.COlbY2 
18129.3 O.OOlbdl 
lBl57.4 0.001771 
18164.0 0.001495 

TM0 AN0 -TM=1 

ETA SICI 

uuuuu 1.000 
l **** 0.913 
0.03C 1.196 
0.084 1.331 
C. 159 1.446 
0.267 1.561 
0.346 1.532 
0.433 1.631 
0.387 1.444 
0.504 1.734 
0.508 1.475 
0.535 1.592 
O.S28 l.lCb 
0.527 1.561 
c.51 a 1.541 
0.483 1.363 
0.475 1.338 
0.454 1.;70 
0.431 1.24b 
0.406 1.216 
0.402 1.243 
C.368 I.160 
0.353 1.150 
0.340 I.167 
0,311 1.124 
0.305 1.130 
0.279 1.094 
0.244 1.076 
0.270 1.102 
0.244 1.107 
0.232 1.097 
0.231 1.124 
0.209 1.107 
0.221 1.088 
0.197 1.111 
O.lB7 l.OR3 

STANTCN NLH~ER RATIO BASED ah EXPERIMENTAL FLAT PLATE VALUE AT SAHE x LOCATION 

?-CUL 

0.0000 
0.0479 
0.0465 
O.Ok75 
0.0468 
0.0479 
0.0413 
0.0461 
0.0475 
0.0469 
0.0464 
0.0471 

stm 

1.000 
1.022 
1.160 
1.219 
1.21s 
1.144 
1.002 
0.925 
0.1185 
0.860 
0.726 
0.740 
0.006 
0.730 
0.743 
0,705 
0.702 
0.693 
O.lC9 
0.122 
0.743 
0.745 
0.744 
0.771 
0.774 
0.78b 
0.7.99 
0.113 
0.804 
0.03t 
O.t143 
0.864 
0.875 
O.B48 
0.892 
0.119 

F-HOT LOCO 

0.0000 1.000 
0.0457 b.295 
0.0439 6.280 
0.0438 6.335 
0.6440 b.4t4 
0.0439 b.340 
0.0435 6.119 
0.0437 b.Ob3 
0.0444 b.015 
0.0440 5.929 
0.0447 !L855 
0.0446 5.845 

SllhTON LUCSER RATIO FOP TH-1 IS CONVERTED TO COMPARABLE TRANSPIRATION VALUE 
LSlhG LLCCll 4 BJ/B EKPRESSICti IN THE BLOYN SECTION 



PUh082277 VELOCiTY AN0 TEMPEPAWRE PROFXLES 

\ aE3 = 0.15261F 06 REM = 519. REH = 641. 

xvc - 106.45 CH OFL2 - 0.072 CM OEH2 - 0.090 cn 
LILF = 11.23 N/S 0 E C 9.9 - 0.548 CM OELf99 - 0.628 CFl 
VIZC - C.l5608F-C4 Mt/S OELl - 0.156 CH UINF - 11.25 H/S 
FCFT - 3 H = 2.153 V! SC = 0.15750E-04 !42/S 
XLCC = 127.76 CM CF/Z = 0.15450G02 TINF = 23.53 OEG C 

TPCATE - 37.07 OEG C 

C.C25 C.046 2.60 0.231 7.1 5.80 C.0127 34.85 0.164 0.836 
0. C?0 o.oe-9 3.17 0.282 10.7 7.18 0.0170 34.80 o.lb7 0.833 
C.CSL c.093 3.52 0.314 14.3 7.90 0.0279 34.74 0.172 0.828 
C.CC4 c.1 lb 4.02 0.358 17.9 9.12 C.0406 34.68 0.17b 0.824 
C.C?b 0.139 4.41 0.393 21.4 9.99 0.0610 34.22 0.210 0.790 

C.C89 C.lC2 
C.lCZ c.115 

E 
c. 114 0.2C8 

fu c-127 c.222 
C. 140 0.255 

4.74 
5.16 
5.'0 
5.;3 
6.24 

0.422 25.0 10.74 0.0737 33.3,) 0.272 0.728 
0.460 28.6 11.70 0.0064 32.51 0.337 0.663 
C.4R9 32.2 12.45 0.0991 32.0.1 0.372 0.628 
0.528 35.7 13.42 0.1118 31.21, 0.429 0.571 
0.556 39.3 14.14 0.1245 31.00 0.448 0.552 

C.152 0.27& b.57 0.505 42.9 14.87 0.1459 30.10 0.515 0.405 
C.178 0.324 7.26 0.646 50.0 16.44 0.1753 29.3.t 0.511 0.429 
C.iC3 c.371 7.t3b 0.700 57.2 17.81 C.2134 28.3h 0.643 0.357 
c-229 0.417 0.42 0.150 64.3 19.07 0.2388 27.511 0.701 0.299 
c .iL4 c.4t3 H.69 0.792 71.5 20.14 0.2642 26.94 0.748 0.252 

C.ii9 c.5c9 
c-330 0.602 
C.?CR C.612 
C.432 c.7e7 
c.455 c.9c3 

9. Lb 0.825 78.6 20.98 0.2896 26.30 0.74i 0.209 
9.87 0.879 92.9 22.36 0.3277 25.65 0.044 0.156 

10.24 0.512 lC3.6 23.20 0.3705 24.8’) 0.900 0.100 
10.72 c.955 121.5 24.2’9 0.4293’ 24.3’) 0.937 0.063 
19.98 0.977 129.4 24.07 O.CG74 24.10 0.558 0.042 

c.559 l.Cl9 11.14 0.932 157.3 
c.t22 1.135 11 -23 1 .ooo 175.1 

UlH/SI U/UINF Y+ U+ Y(m) T(OEG Cb TBAR TRAR 

25.23 0.5a55 23.93 0.971 0.029 
25.44 0.5690 23.70 0.982 C.018 

0.632 23.60 0 .9 9 0 0.010 
0.696 23.61) 0.935 0.005 
0.759 23.5.t 0.997 0.003 

0.823 
O-R&b 

23.55 
23.5) 

0.9’19 
1 ;ooo 

0.001 
c. 000 



Wh 082277 .*+ DISCRETE HOLE RIG l *’ NAS-3-14336 STAhTON NUMBER OAtA 

IACe= 23.3U CFG C U?NF= 11.37 n/s 
R!-C= 1.154 KC/H3 VISC= 0.15731E04 nz/s 
CPa 1013. J/Kf,K PR- 0.716 

l **530 I-S1 FLAT PLATE P/0=5++* 

Pt.LlE X 
1 127.8 I 

1?2.8 
; 137.Y 
4 143.c 
‘ s 14H.l 
t 152.2 
7 158.2 
e 1t3.3 
s ite.4 

1c 173.5 
11 17e.e 
12 1R3.b 
l! 1t7.5 

P 14 1CC.l 
W 
W la a 152.7 

1t 155.4 
17 15H.C 
1E 21‘C.t 
15 2C3.2 
2c 2cs.e 
21 ice.5 
22 211.1 
i? 213.? 
24 216.3 
25 210.9 
2t 221.6 
27 224.2 
2e i2t.0 
2S 229.4 
?C 232.c 
31 234.6 
?r s 227.3 
33 i'9 . 9 
'34 212.5 
35 245.1 

TO 
36.12 
36.88 
3t.71 
36.74 
3C.80 
36.80 
36.76 
3t.71 
36.65 
3e.53 
36.71 
36.72 
35.hO 
35.41 
35.41 
35.62 
35.h2 
35.62 
35.60 
35.42 
35.6C 
35.62 
35.58 
35.C2 
35.7c 
35.52 
35.15 
35.as 
35.7c 
35.52 
35.Sl 
35.77 
35.77 
35.52 
35.70 

3t 247.8 0.10203E 07 35.7C 0.2739jE 04 

QEX 
C.lbC86E 06 
0.15755E Cb 
0.234?2F 06 
C.27lC4E 06 
C;35177F 06 
C.SC45CE Cb 
0.3el22E Oh 
C.417S5E 06 
C.4546RE 06 
C.4514cE 06 
C.52813E 06 
0. L.ct4ECsF Cb 
C.SYi77F 06 
C.tllt~AF 06 
C.t.3CtOE 06 
C.c'l')tlrE 06 
O.Lbt!LlF 06 
C.bt;152E 06 
0.73C44E 06 
0.72535E 06 
0.7442~F Cb 
O.?bjldE ob 

C.732C';F 06 
C.dOllOE 06 
C.EZClCF 06 
C.33GCZE 06 
C.P5753E 06 
C.E70E5F Cb 
C.6cj57t>E 06 
C.YlcbfIF 06 
C 93=&9E C6 . da 
C.';52COE 06 
0.571cCE 06 
C.9sI052F 06 
c. lCC54E 07 

PFEN7H 
0.641322E 03 
0.75dbbE 03 
0.86762E 03 
0.97407E 03 
O.lOTYaE 04 
0.11815E 04 
0.12826E 04 
0.138lCE 04 
0.14768k 04 
0.15712E 04 
0.16631E 04 
0.1752UE 04 
C.ldltiGi 04 
O.lHbCBE 04 
C.19031E 04 
0.1945OE 04 
0.1905dE 04 
0.202eSE 04 
0.206726 C4 
C.21075E 04 
0.21480t 04 
U.2L~BOE c4 
O.ZZZtllE 04 
C.ZZbBBE 04 
0.230R7E C4 
0.21401E 04 
0.23R77E 04 
0.24:64E Cb 
0.246HbE 04 
0.2507bE 04 
0.2547LE 04 
0.25U64E 04 
0.26252f 04 
C.26639E 04 
0.270JOE 04 

TlNF= 23.33 DEG C 
xyo= lCS.5 CM 

STANUfONNO 
C.30324E-02 
C.Z9dl4E-02 
0.29522E-C2 
0.28886E-02 
C.L756cE-CZ 
0.27715E-02 
0.273Cl3E-C2 
0.23308E-C2 
C.25E77E-C2 
O.L5SlZF-02 
C.Z4550E-C2 
0.24JOJF-CZ 
0.22CkilE-c2 
0.2167ZE-CZ 
0.2287~E-C2 
O.Z1~3lF-02 
0.2175jE-C2 
0.21105E-02 
C.ZCBlCE-CL 
0.211b4E-02 
C.2102OF-02 
0.2; 26liE-02 
0.2:617E-02 
0.20829E-C: 
O.ZlLlBE-02 
0.2CrblE-C2 
0.2ij45E-02 
0”216a9E-C2 
C.:0714E-C2 
0.20706E-02 
C.ZCS34E-C2 
O.Z0463E-02 
O.ZC451E-02 
C.Z04blE-CZ 
C.IC775k-02 
0.17:6jE-02 

DST 
0.934E-04 
0.886E-04 
C. 892E-04 
O.A84E-04 
0.873E-04 
0.87lE-04 
@.869E-04 
C.tJ63E-04 
C.BC13E-04 
O.EI(rGE-04 
O.tlCBE-04 
C.OGSE-04 
C.E32E-04 
0.852E-04 
0.90bE-04 
C.81CE-G4 
C.P75E-04 
0.876E-04 
O.l335k-04 
0.867E-04 
C.R4C,E-04 
C.86/E-04 
0.074E-04 
0.854E-04 
0.873E-04 
0.825E-04 
O.tl72E-04 
0.885E-04 
C.&4fz-04 
0.85ac--04 
O.BSbE-04 
C;H37E-C4 
o.a44E-04 
C.HlbE-04 
0.868E-04 
O.blOt-04 

DREEN 
7. 
8. 
8. 
8. 
9. 
9. 

1:: 
10. 
10. 
10. 
11. 
11. 
11. 
11. 
11. 
II. 
11. 
11. 
11. 
11. 
II. 
11. 
11. 
11. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 

::: 
12. 

STttHEO) RAT10 
0.30653E-02 0.989 
0.29418E-02 1.013 
0.28431E-02 1.038 
0.27615E-02 1.046 
0.26922E-02 1.039 
0.26322E-02 1.053 
0.25794E-02 1.059 
0.25324E-02 1.039 
O.ZCSOIE-02 1.039 
0.24517E-02 1.041 
0.24lbbE-02 1.016 
0.23644E-CZ t.019 
0.23615E-02 0.952 
C.L3467E-02 0.932 
0.23324E-02 0.981 
O.Z31flhE-02 0.920 
0.231153E-02 C.944 
0.22925E-02 0.947 
0.22nOOE-02 0.913 
0.22683t-02 0.960 
0.225t4E-02 0.932 
0.2245lE-02 0.947 
0.2234lE-02 0.968 
0.22234E-02 0.937 
0.2213OE-02 0.959 
0.220296-02 0.929 
0.21931E-02 0.973 
0.21036E-02 0.993 
0.2114JE-02 0.953 
O.Zlb!iZE-02 0.456 
0.21564E-02 0.971 
0.21477E-02 0.953 
0.21392E-02 0.956 
0.213l@E-02 0.961 
0.21230E-02 0.979 
0.21151E-02 0.830 



WJh C82317-1 *** DISCREYE POLE RIG *+* NAS-3-14336 SYANYON NUMBER DAYA 

TbCer 23.27 OFG C UINF- 11.33 n/s 
FHG= 1.182 KC/M3 VfSC= O.l5376E-04 M2/5 
cp- lC12. J/kCK PR= 0.116 

‘*‘SCC HSL Pro.4 P/D=5 lH=C k/VCF(CPTIHUM~++* 

YINF- 23.21 DFG C 
XYO= 105.5 CM 

PLCTE X FEX TO 
1 127.8 0.164CZE 06 37.11 
2 132.e C.20147E 06 37.1t 
? 127.9 C.23PSZE 06 37.24 

REENTH 
0.66096E 03 
0.76627E 03 
0.95972’ 03 
C.11607E 04 
O.l356(iE 04 
0.15493E 04 
0.17j3CE C4 
0. IY I36E 04 
0.20924E 04 
0.22691F 04 
0.24 354E C4 
O.L6169E 04 
0.271LlE 04 
0.28152E 04 
0.28575E 04 
0.28984E 04 
0.29j77E 04 
C.29175E 04‘ 
0.30165E 04 
0.30k~5tlE 04 
O.jO95tE 04 
0.31337E 04 
0.31736E C4 
0.32132F 04 
0.32525E 04 
0.32’316E 04 
0.33jl3E 04 
0. J3724E C4 
0.34L30E 04 
C.34524E 04 
0.3’r922E 04 
0.35319E 04 
0.35710E 04 
0.3610X 04 
0.36503E 04 
0.3bd77E 04 

STANTON NO 
0.27656E-C2 
0.28586E-C2 
C.2S222E-CZ 
0.29982E-02 
O.ZOi?lE-02 
0.2R148i-02 
0.2Lio4db02 
0.244.fdE-C2 
0.23477E-C2 
0.22korE-C2 
0.22427t-C2 
0.22cJY 3c-02 
0.23CeLE-CL 
0.21iiZZE-02 
0.22254E-C2 
0.2004!1E-02 
0.20630i-02 
O.?OtSOE-CL 
0.14&57E-02 
0.2085&E-C2 
0.19765+02 
0.2032%-C2 
0.209d7E-C2 
C.ZOC89E-02 
0.2055LE-02 
0.20%19E-CL 
0.21032E-C2 
0.21549E-02 
C.ZC453E-CL 
0.20337E-C2 

OSY 
0.8x*04 
C. 840E-04 
O.i343E-04 
0.857E-04 
C. 831E-04 
0.834E-04 
0.814E-04 
0.805E-04 
0.802F-04 
0.7Y5E-04 
C. 7YOE--04 
0.793E-04 
0. t)42t-04 
O.E66E-04 
C. 8bBE-04 
0.81bE-04 
0.823E-04 
C. 825E-04 
0.766E-04 
0.822E-04 
0.78dE-04 
C. AZOE-04 
C.83!aE-04 
C.812E-04 
0.835E-04 
c. 794f-04 
C.B43K-04 
C. 867E-04 
0.797E-04 
0.833E-04 
C; 83oE-04 
O.tllZE-04 
0.820E-04 
C. BOOF-04 
O.e!jsE-04 
C.thlE-04 

DREEN 
4. 

n f t2 THETA ml 

0.0139 25.50 0.L64 0.022 
0.0144 25.56 0.167 0.022 
0.0143 25.44 0.160 0.022 
0.0141 25.52 0.166 Q-022 
0.0137 25.46 0.161 Q.022 
0.0147 25.54 0.167 O.C22 
0.0138 25.48 0.163 0.022 
0.0145 25.50 0.166 0.022 
0.0143 25.43 0.160 0.022 
0.0145 25.60 0.171 0.022 
O.OlCO 25.61 0.173 0.022 

0.43 
0.44 
0.44 
0.44 

1:: 
15. 4 143.0 0.276?7E 06 37.&G 

c d 148.1 0.31382E 06 37.16 
t 153.2 C.!512tf 00 37.2C 
7 15e.2 C.jtb71E 06 37.16 
e lb3.3 0.42tlbF 06 37.14 
F ltCf.4 0.463Clf 06 37.C5 

1c 173.5 0.53lCrF 06 37.c9 
11 178.6 0.53.950E OG 37.12 
Ii 183.f O.‘,?SS5F 06 37.11 
12 101.5 0.60441E 06 3C.lC 
14 15C.l O.t2j70E 06 35.58 
lC a 152.7 0.642SbE 06 35.58 
1e 155. 4 O.tb23bt 06 36.25 
17 158.0 O.tel74E C6 36.25 
18 2C5.6 0.701C!F 06 3t.25 

17. 
19. 0.42 
21. 0.45 

22:: 
27. 
28. 
30. 

0.43 
0.45 
0.44 
0.45 
cl.43 

30. 
30. 
30. 
3c. 
30. 
30. 
30. icz.2 C.72C31F 06 36.25 

2C5.8 0.73960E Ob 3t.27 
2CE.5 0.75bC’JE 06 36.25 
211.1 C.77c17E 06 36.27 
213.7 C. 7974tE 06 36.19 
21e.3 C.Pl684E 06 36.23 
2le.5 C.1?3t22E Cb 36.33 
221.t C.05550E Cb 36.13 
224.2 O.e747?E 06 36.34 
22t.e 0.894C7E 06 36.46 
22’1.4 C.Sl336E Ob 36.27 
222.c 0.93itSE 06 36.55 

30. 
3c. 

22 
i3 
2; 
25 
2c 
27 
I 

;9’ 
3c 

30. 
30. 
31. 

3:: 
31. 
31. 
31. 
31. 

31 2Z4.6 0.95153E 06 3t.50 
32 237.3 0.97131E 06 3t.38 
‘: 
ii 235.5 242.5 0. C.99069F lOlCOE 06 07 3C. 36.24 12 
3: 245.1 O.ICZS3E 07 3t.29 
3t 247.8 O.lI)Cti’,E 07 36.29 

1NCERTtINYY IN PEX= 1985. 

C.ZOC3dE-C2 
0.20165E-C2 

31. 
31. 

0.20L8iE-02 
C.20432E-02 
C.20974E-02 
C.l7171E-CZ 

31. 
31. 
31. 
31. 

UNCERTAINTY I# F=O.OSlbY IN RATIO 



PUL 012377-2 a** CISCRETE POLE RXG ++* NAS-3-X4336 STANTON NWDER DATA 

7At8= 23.13 OEG C UINF- Il.34 n/s TINF- 23.67 OEG C 
RHC~ 1.180 KG/n3 VXSC- 0.154(17E04 n2/s XV@ x05.5 CM 
CP- ICt3. J/KCK PR= 0.716 

***SOC hSL PrC.4 P/b5 7H=l Y/VCF~flPfIMUMl*** 

FlLTE > 
1 -127.e 
2 i32.e 
? 137.9 
4 143.c 
# I 148.1 
6 153.2 
7 1se.2 
e 1L1.3 
5 1ta.4 

1c 172.5 
11 17d.6 
12 lE3.6 

E 
13 IE7.5 
14 lSC.1 

b-l IL 152.7 
ld lY5.4 
11 1SE.C 
1e 2CC.6 
15 iC3.2 

2c iU5.8 
it 2ce.s 
ii 211.1 
23 213.7 
24 21t.3 
2s 2ie.9 
2f 221.6 
27 224.2 
2E 22t.0 
25 229.4 
3c 232.c 
?I 234.6 
32 237.3 
33 235.5 
34 242.5 
35 245.1 
3c 247.e 

UEA TO 
C.16372E 06 40.07 
0.2OllOE 06 4C.22 
0.23e4BE 06 40.19 
0.275ebE 06 40.15 
C. 31324F 06 40.17 
I).?‘JOtlE 06 4c.19 
O.i?hlC.SE 06 4c.15 
0.42:!7f Oh 40.24 
0.46275E 06 40.34 
C . 5CC13E 06 40.19 
4.53751E 06 GC. 1s 
c.574e5c C6 4c.15 
C.6033GE 06 38.86 
C’.ls2255F 06 30.61 
C.(.4ltCF C6 38.bl 
0.66114F 06 38.35 
C.lOC'raE 06 38.55 
0.6YF??E 06 38.55 
0.716SOE 06 38.34 
0.73E23E Oh 38.34 
C.75749E Qb 38.30 
C.77C7jF Ub 38.23 
C.795SCE c.6 30.17 
0 e1573c 06 . d 38.23 
0. e34t7F 06 38.25 
0.153SiE 06 38.06 
0.87317E 06 38;25 
O.f?c1242!! 06 38.30 
C.51 LL7E 06 38.13 
C.93CY2F 06 ,38.?4 
C.YSClIE 06 38.32 
0.36952F 06 38.17 
C.SBIIPLE 06 3e.17 
o.lOQelE 07 37.52 
0.10274E 07 38.C8 
0.104bbE 07 38.08 

PEFNTH 
O.b5974C 03 
0.76148E 03 
0.13227E 04 
C.19LC3E 04 
0.24.?65E 04 
0.3lrltllE 04 
0.35609E 04 
0.41432E 04 
0.4(~U',‘X CG 
0.52196E 04 
0.57572E 04 
C.627bOF 04 
0.684COE 04 
cl.bfl5R3E 34 
O.hHl71E 04 
O.b8~)70E 04 
0.651 79E 04 
C.633Y>E 04 
O.bYb13F 04 
0.6985OE 04 
C.7COY4L 04 
O.!Oj36F 04 
0.70590E 04 
O.7OY63F 04 
0.71130E 04 
0.714OCE cl4 
0.716A4F 04 
O.71513LE 04 
0.72213E 04 
C.725b8E 04 
C.7286'vE 04 
C.731blE 04 
C.73455E 04 
0.73152E 04 
0 74C57E 04 . 
0 74345E 04 . 

STbNTON NO IIST 
O.L8C94F-02 O.l:ITE-Q4 
0.26342E-02 0.716E-04 
0.22751E-C2 0.687E-04 
O.l9933F-C2 0.6b7E-04 
O.l7121E-02 O.b47E-04 
O.l581OF-02 0.630E-04 
0.13652E-C2 C.C27E-04 
O.l20~bE-C2 C.CnlbE-04 
o.llJ4uf-~(z C.hCYE-04 
O.l06JUE-~2 a.~>llL-04 
O.llL30E-C2 C.*,l4E-04 
O.l0369F-02 0.5llF-04 
C.S354lE-03 C.bOhF-04 
C.qSlZlF-03 0.481E-04 
O.l009cE-02 0.464E-04 
O.l055bE-C2 c.443t-04 
O.lllljf-02 c.!ilLf-04 
o.11~coF-c2 0.526E-04 
O.lld IOE-02 C*519k-04 
O.l2750E-C2 C.551E-04 
O.l:933E-02 C.533E-04 
C.l3227E-C2 C.579E-04 
O.ljS~tiE-02 0.60!E-04 
O.l3464F-C2 C.SC,hE-04 
O.l4206i-C2 C.hl'IE-04 
O.l4172E-02 C.5YdE-04 
0.14514E-C2 C.637E-G4 
O.l5YHYE-02 C.bIOE-04 
C.l4dlbE-02 0.611E-04 
0.15LI:C-C2 C.t,52E-04 
O.l549Lk-0: O.lS?f-04 
O.l5320E-C2 3.C44E-04 
0.15212E-02 O.i,47E-04 
U.l5>'jiE-02 C.634E-04 
C.l6056F-02 C.C64E-C4 
O.l3J'+bE-C2 0.657E-04 

OAEEN 

1:: 

::: 
36. 
41. 
46. 
50. 
53. 
57. 
60. 
63. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
t5. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 
65. 

n c tt THETA 

0.39 0.0127 40.08 0.991 
0.42 0.0137 40.31 1.008 
0.41 0.0132 40.29 1.008 
0.39 0.0125 40.26 1.006 
0.40 0.0130 40.29 1.006 
0.44 0.0141 40.33 1.011 
0.41 0.0134 40.32 1.005 
0.41 0.0132 40.2Ci 0.992 
0.41 0.0134 40.09 0.994 
0.40 0.0131 39.89 0.982 
0.45 0.0146 39.78 0.978 

OTH 

0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 
0.019 

LhCERTLIhTV lk FFX= 1981. UkCtPTAlNTY Ih' F=O.OSlbCr IN RATIO 



LUL 08237F1 l ** CffCRETE J’ClE RIG +*+ NAS-3-14338 STANTON WRBFR OATA 

l *‘¶OC HSL ho.4 P/O-5 TM-0 h/VCFJOPTIWUMJ*** 

RUF 0823?7-2 l ** CISCRETF COLE RIG l ** NAS-3-14336 STANTOM WMBER CATA 

*.*!OO NSL C=O.4 P/O=5 W-1 h/VCFJOPtJMUt!J*** 

L!LFAC SUPFPPflS1lIOH IS APPLIED TO STANTON NLWOEA CATA FROM 
PlN NCvRtPS 0132371-l AN0 082371-2 TO 08TAIfI STANTON NUMBER DATA Al Tb0 AND TM=1 

PLITC REBCCL LE OEL2 Slllh=OJ REXHOT RF DEL2 

tf 
12 
13 

cn 14 
1S 
lb 
I? 
18 
15 
iC 
21 
22 
i3 
24 
25 
26 
21 

:i 
2C 
31 
22 
33 
34 
35 
36 

IC4C22.8 
201470.9 
23esJS.o 
27C?b7.1 
31;F15.2 
351263.3 
3’JBlll.4 
426155.4 
4t3tC7.6 
5ClL55.6 
5?81fl?.E 
515’251.8 
((4412.4 
623C9P.2 
t425t!.9 
bt2?t!.i 
CC1742.b 
7ClCZT.3 
72C314.1 
1?4!55.0 
7:eDeE.s 
7ltllJ.b 
751457.3 
eltr3t.5 
b’621t.0 
e555c1.7 
E741El.k 
094:73.2 
513z55.3 
932(45.0 
95193r.a 
571?CS.9 
V’)‘3tBS.C 

JCC5SIS.O 
lC29ibO.O 
Icsa54t.o 

661.0 
767.1 
870.6 
955.5 

1112.5 
1226.8 
13?6.4 
1430.! 
1537..8 
1633.4 
1726.7 
1820.4 
1052.9 
1941.2 
l’ib8.5 

2c33.a 
7077.1 
212o.n 
2163.4 
2205.9 
224t.C 
2290.2 
2333.0 
2375.4 
2417.3 
2459.c 
25’31.1 
25f.4.7 
2587.6 
2620.2 
2671.2 
27!3.0 
2754.1 
2795.4 
2837.4 
2016.6 

O.COi7tb 163719.9 
c. cc2903 201398.8 
C. co3051 238417.8 
c.003193 275856.7 
o.ou3054 313235.6 
o.co3054 350614.6 
O.CC27F8 381Y93.5 
o.co26a4 425372.4 
O.CO25A7 462151.4 
0.502519 5CG130.3 
O.OOd468 537539.3 
O.CC2532 574088.2 
o.oc26oo 603296.3 
O.CO24CB 622546.4 
c.co2485 64171b.6 
0.502213 6islJ39.9 
C.CC2266 680481.6 
0.002264 699133.0 
O.CCZ144 710403.9 
0.052258 736234.C 
0.0~?I44 757484.4 
0.002184 7lh734.5 
o.o022’t9 79>9R4.7 
C.CCLI 50 815328.1 
c.00219: 834671.7 
o.co21 Z? 853GLl.P 
o.os2z!c 873172.0 
0.002?90 892422.1 
O.CCilbh 41 lb72.5 
0.032143 933922.6 
O.OC2210 950172.8 
O.OOLJ IY 9GY516.2 
O.CCZl3? 988859.8 
C.CO2146 1008109.0 
C. co2202 1027360.0 
O.GOltlbl 1046610.0 

659.1 
761.4 

1326.7 
1920.6 
2483.1 
3012.2 
3552.5 
4129.2 
4673.7 
5207.4 
5141.5 
6276.2 
b047.4 
6Bbl.O 
6885.3 
6504.7 
6725.1 
6946.3 
656d.2 
b991.5 
7014.9 
7030.8 
7Cb4.7 
7090.9 
7117.2 
7144.3 
7172.0 
7201.5 
7230.9 
1259.6 
7it10.9 
7318.4 
1347.6 
7377.0 
7407.3 
7435.9 

STtTH=lJ ETA STCR F-COL S?Hll F-HOT LOCI 

0.002809 
0.002632 
0.002275 
0.002005 
O.CCl7L2 
o.oc1590 
O.CO1318 
o.co1220 
c.cc1131 
0.001053 
0.001107 
0. CO1 C36 
0.000’)05 
0. coo72 1 
O.CCCY 19 
0.0010J2 
O.CCI Oil8 
0.001107 
O.COI 167 
0.001255 
o.co1174 
o.co1305 
O.CO13tl2 
0.001332 
O.C01405 
o.co14c3 
0.001476 
0.001585 
0.001468 
O.COl5OB 
O.COI 536 
O.OGl520 
O.OCI509 
0.001548 
0.0015Y3 
0.001375 

uuuuu 
0.093 
C.254 
0.372 
0.436 
0.419 
0.508 
0.545 
0.563 
0.552 
0.552 
0.603 
0.652 
0.617 
C.606 
0.534 
0.520 
0.51 I 
0.456 
c.444 
0.452 
0.403 
0.3d5 
0.39c 
0.359 

1.000 
0.974 
1.033 
1.105 
1.092 
l.IC2 
1.025 
1.020 
1.000 
0.988 
l.CO5 
1.042 
I.156 
I.101 
1.086 
1 .c37 
1.042 
1.043 
1.030 
1.038 
1.020 
1.027 
l.L40 
1.032 
1.032 
1.039 
1.046 
ii051 
1.045 
1.035 
1.056 
1.036 
1.045 
1.048 
1.060 
1.059 

0.0000 
0.0139 
0.0144 
0.0143 
0.0141 
0.0137 
O.Cl47 
0.0138 
0.0145 
0.0143 
0.0145 
0.0140 

1.000 
0.883 
0.770 
0.694 
0.616 
0.514 
0.504 
0.464 
0.437 
0.413 
0.451 
0.414 
Ot4Cj 
0.42i 
0.428 
0.404 
0.500 
0.510 
0.561 
0.577 
0.558 
0.614 
0.640 
0.640 
0. bbt 
C. 606 
0.692 
0.731 
0.708 
0.729 
0.734 
0.143 
0.738 
0.756 
0.767 
0.7a3 

0.0000 1.000 
0.0121 2.414 
0.0137 2.385 
0.0132 2.254 
0.0125 2.117 
0.0130 2.113 
0.0141 2.137 
0.0134 2.050 
0.0132 2.008 
0.0134 2.002 
0.0131 2.089 
0.0 I46 2.191 

c.340 
0.339 
1.305 
0.322 
0.296 
0.305 
0.283 
0.2514 
0.279 
0.277 
C.261 

STINTON trut’RFR RATIO e4SEO ON EXPERIHEYTAC FLAT PLATE VALUE AT SAME X LOCATIDN 

!TthTCN LCWFP HAT10 FUR Tt!=J IS CONVERlED TO CfJHPhAABtE TRA!dSPJRATION VALUE 
Lfl)rG JLCGll * EJ/tI EXPRkSSICN IN THE BLOYN SECTION 



RUL 082371-l l *’ OlfCRETE HIJLC RIG l +* NAS-S-14336 STANTON NUMBER DATA 

7:ce= 2t.12 CEC c UT&i- 11.62 M/S 
PM= 1.143 KG/H3 VISC- 0.15983E-04 H2/S 
CP. lC14. J/KGK PP= 0.716 

l **5OO FSL f'=O.Y P/O-5 TWO h/~CFIOPTInUHl*++ 

PLCTE x PE)I 70 
1 121.8 0.16171E 06 3e..29 
i 132.P C.lSBt4E 06 38.3R 
3 137.9 0.23556E 06 38.34 
4 143.c c.2724aE 06 30.40 
5 148.1 O.?CS4CE 06 38.38 
t 153.2 C.34632E 06 38.48 
7 lCB.2 C.3c32ct 06 30.40 
E 1e3.3 C.42CIfE 06 38.40 
‘i lee.4 0.45'ICcE 06 3A.42 

IC 17Z.5 O.CS4CIE 06 38.32 
II 17e.C C.53CS?E 06 38.:0 

t; 
li It?.6 C.:b?@5E 06 39.44 
1’ IF?.5 C.L~9551E 06 3i.3C 

-4 li 15C.l’ O.tl457F C6 37.11 
15 192.7 O.b33ScE 06 37.11 
It 155.4 C.t53C4f 06 37.43 
17 JSA.0 0.67215E 06 37.43 
le 2CC.6 C.t9116E 06 37.43 
15 2C3.2 0.71G18E 06 37.54 
2C 2C5.8 0.7LS19E 06 37.60 
21 iO8.C C.7462IE C6 37.56 
22 211.1 0.76722E 06 37.58 
23 213.1 C.?8624E 06 37.52 
24 216.3 C.b0:34E 06 37.56 
25 2lk.C O.b2445E 06 37.66 
26 2il.C O.E434bE Oh 57.43 
21 224.2 C.8624iiE 06 3?.?C 
2.E 22c.e c.eolc3F 06 37.77 
25 225.4 O.CIOO:lE Cb 37.cc 
3C 222.0 0.9lSSZE Cb 37.81 
31 224.C 0.53k54E Oh 37.77 
3i 231.3 C.95764E 06 37.t2 
33 235.5 C.97675E Oh 37.62 
34 242.5 C.SS:lCE C6 37.3'3 
35 245.1 C.lC!JCIIE 07 37.52 
3t 247.0 C.lOjSUE 07 37.52 

V'XEQTCINTY IN REX= 1957. 

REENTH STANTCN NO 
0.65166E 03 0.2023lE-02 
0.75647E 03 0.28546E-02 
0.90097E 03 0.343Y3E-C2 
0.122C9E 04 0.35361E-02 
0.1450bE 04 0.3407?E-C2 
C.lb792E 04 0.3.?351E-C2 
0. 18.) 72I 04 C.3CL!7JE-C2 
O.Ll125E 04 0.29119E-02 
0.23215E 04 0.29L?3E-C2 
O.25159E 04 O.ZUj75E-C2 
0.26078E C4 0.2826>E-C2 
0.27YHOE CC C.2?L53E-CL 
0.237CGE 04 0.29114E-C2 
0.30292E 04 C.2042OE-C2 
O.jOd43E 04 0.2F+hbE-02 
0.31374E c4 O.Z6411E-02 
0.3188 JE 04 0.2hY25E-02 
0.3239lE 04 0.26?51E-02 
0.321383E 04 0.24tJ?JE-C2 
0.33364E 04 0.2515jE-02 
O.j3dSlE 04 0.2539LE-02 
O.34332E 04 0.25117E-C2 
0.34613E 04 0.25jdbE-02 
0.3528bE 04 0.2435LE-C2 
0.3575ZE 04 0.24539E-02 
0.36214E 04 0.240?5E-C2 
0.36676E 04 0.24ilUE-C2 
0.37145E 04 C.24 lb9E-02 
C.J7b'lYE OS 0.23595E-C2 
0.38')buE CC 0.241tJ5E--CZ 
0.38532E 04 0.245SlF-C2 
0.33YFSE 04 0.23Y93E-02 
0.3945 tE 04 0.23Y4YE-C2 
0.3991 JE 04 0.24337F-02 
0.40377E 04 0,24C'iiF-C2 
5.40RILE 04 O.Lll.!?E-*C2 

TlNf- 2b.Ob DEG C 
XYO- 105.5 CM 

DST 
C.936E-04 
3.933E-04 
0.991E-04 
C.998E-04 
C.SAbE-04 
C.9b2E-04 
C.953E-04 
C.942E-CC 
!.?.93?E-04 
c.93',+04 
C.935E-04 
3.916E-04 
C.lCtE-03 
O.llZE-03 
c. I I'tE-03 
O.l06F-03 
O.lObE-03 
C.l05E-03 
C.YUbF-04 
O.lOlE-03 
0.99Y E-04 
c.1cot-03 
O.lOIE-03 
0.90OE-CC 
O.SS?E-04 
C.950E-04 
C.909E-04 
C.S';tlE-04 
C.Cl43E-04 
C.9UbE-04 
0.908E-04 
C.964E-04 
0.9?4E-04 
0.953F-04 
C.JCJE-03 
C.lOlE-03 

UYCERTAINTY IN F=0.05164 IN RATIO 

OREEN 

146: 
26. 
33. 
38. 
43. 
47. 
51. 
55. 
59. 
62. 
65. 
66. 
cc. 
66. 
tt2. 
67. 
67. 
67. 
61. 
61. 
67. 
67. 
67. 
67. 
61. 
67. 
67. 
67. 
67. 
b7. 
67. 
Cl. 
67. 
67. 
67. 

n F 72 THETA 

0.99 0.0319 27.19 0.092 
0.93 0.0300 21.29 0.100 
0.92 0.0299 27.19 0.092 
0.91 0.0296 27.25 0'.097 
0.95 0.0306 27.17 C.C90 
0.93 0.0299 27.21 0.094 
0.93 0.0301 27.17 C.C90 
0.92 0.02YB 27.05 0.080 
0.93 0.0300 25.92-0.011 
0.94 0.0303 27.02 0.079 
C.90 0.0291 27.19 0.092 

OTH 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 



Wh 01237?-2 l *' OISC~ETF HOLE RIG *** NA5-S-14336 STANTON MJ?BER DATA 

tCcr= ts.ns OEG c VI NF- Il.61 n/s 
PHC= 1.144 KG/!43 VISC= 0.15958F-04 HZ/S 
CP= lC14. J/KtK PP- 0.716 

.+*500 HSl c-c.9 P/O=5 TH-1 ~/vcF~cPlIMuHl+*+ 

PldTE z PEX TO 
1 127.8 0.16189E 06 40.C5 
2 132.8 9.lsae5E 06 40.09 
3 137.9 0.235eiE 06 39.98 
4 143.C C.27277.E 06 39.98 
c w 14e.1 O.?CS73E 06 39.48 
t 153.2 O.?4tt9E 06 35.56 
7 i5e.2 O.?a3t>E 06 4O.C7 
L lt3.3 C.42C6lE 06 40.07 
5 Ice.4 C.45757E 06 39.52 

IC 173.5 0.4Y45jE Gb 39.92 
11 17a.c 0.53145E 06 40.11 
12 lP3.6 O.C,6&45E 06 4c.15 
1’ lE7.5 0.5Yb5CF Cb 
1; lSC.l C.tl55dE Cb 

39.16 
39.01 

15 192.7 0.634tlE 06 3S.Cl 
1t 155.4 C.65374F 06 35.18 
11 Isa.0 o.t72e7f 06 39.18 
le 2CC.b O.C914OE 06 39.18 
IS 203.2 C.71C53E 06 39.c8 
2c 205.8 0.72397f 06 3S.lC 
21 2CE.5 C.74YCOE 06 39.05 
22 211-l r)./rjHO4E 06 39.Cl 
21 213. 1 C.7trli7E Cb 3P.d9 

f’: 
2; 

21E.S ilC.3 O.ECCIZCF. C.d2523F 06 06 38.89 3e.55 
221.6 C.fl4436E 06 3A.?4 

27 224.2 O.ebj4CE 06 38.93 
2e 22t.a O.kd243E Cb 3s.97 
2s 225.4 O.SC147E 06 3e.76 
?C 232.C C.S2,>5L7E 06 Sd.Y? 
31 234.6 C.93554E 06 38.87 
32 237.3 C!.55t!ttf 06 3e.74 
II) se 23s.s C.9777SE Ob 38.70 

;; 242.5 245.1 0.996OZF C.lOl’,‘iE 06 07 38.46 30.59 
36 247.B 0.10349E 07 38.59 

1hCLAl~lklY IN PEX= 1959. 

REENTH 
0.65235E 03 
0.75772E 03 
0.191235 04 
0.30532E 04 
0.416+5E 04 
0.52ll39E 04 
0.6414bE 04 
0.75530E 04 
C.rl(rOZlE 04 
O.Yb333E 04 
0.10757E 05 
O.lla2zE 05 
C.lZACjE 05 
0.12829E 05 
0.12RSLjE 05 
0.128alE 05 
0.12906E 05 
0.12r32E 05 
0.1295aE 05 
o.l.?Ya5E 05 
0.13013F 05 
O.lj:41E OS 
0.13070E 05 
0.1 3399E 05 
0.13124E 05 
0.131bOE 05 
O.lj191E 05 
0.132236 05 
O.ljZ',oE 05 
C.132Jrf 05 
0.13322F 05 
0.1 jclSbE 05 
0.133yOE 05 
0.13jZ'tE 05 
0.13460E 05 
0.134Y3E 05 

fINF= 25.79 OEG C 
xvo= 105.5 CM 

STANTON NO OS1 
0.29227E-02 0.832E-04 
0.27790E-02 O.BlBE-04 
0.2aOb2E-CZ 0.825E-04 
0.27468E-02 C.k?OE-04 
0.24433E-C2 C.795604 
0.24371E-02 0.79jE-04 
O.lBbCJE-C2 C.747E-04 
O.lH375E-C2 C.74oE-04 
O.lblU~E-02 0.752F-04 
0.1402CE-C2 0.731E-04 
O.l45LdE-02 C.722E-04 
c.l3a7YF-02 C.717E-04 
O.l41dZE-C2 C.566E-04 
O.l317JE-02 O.blUE-04 
0.13566E-02 O.GljE-04 
O.l3354E-02 C.5';oE-04 
C.l3>bOE-C2 0.605E-04 
O.l3bYOE-02 O.t15E-04 
O.l3738E-02 O.SY7E-04 
O.l4520E-C2 C.625E-04 
O.l4280E-02 0.6211-04 
O.l4J54E-C2 C.653F-04 
o.i5824L-02 0.678E-04 
0.15J36E-C2 C.b7dE-04 
O.l59tItiE-C2 C.694E-04 
C.l5SC8E-C2 0.672E-04 
O.l6C47E-02 0.713E-04 
C.L74d9E-02 0.741E-04 
O.lbSSSE-C2 C.bSUE-04 
O.l73OYE-C2 C.7CZE-04 
C.l7S&?E-C2 0.751f-04 
O.l755JE-02 C.739k-04 
C.1 ld83E-02 c.753t=-04 
O.IfIlIl7E-C2 C.738E-04 
C.l9ilbE-02 0.74Yk-04 
C.lCjLOE-02 0.8O’Ili-04 

I;NCERT~~INTY I& F=O.O5164 IN RATIO 

OREEN 

3:: 
51. 
65. 
77. 
80. 
97. 

105. 
113. 
120. 
127. 
132. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 
135. 

N F t2 THETA DTN 

0.07 0.0202 40.24 1.010 0.022 
0.85 0.0276 40.21 1.017 0.022 
0.83 0.0270 40.23 1.018 0.022 
0.85 0.0276 40.13 1.011 0.022 
0.86 0.0279 40.22 1.019 0.022 
0.90 0.0290 40.03 0.997 0.022 
0.82 0.02b5 40.1C 1.002 0.022 
0.06 0.0271 39.88 0.991 0.022 
0.06 0.0277 39.00 0.957 0.022 
0.07 0.02tI2 39.60 0.970 0.022 
0.83 0.02b8 3v:43 0.950 0.021 



RIJL OBZ37F1 +b OXKRETE MOLE R!G +e* WS-344334 

l *‘5cC bS1 e-0.9 P/D=5 TH=O W/VCF(OPtl*uRb*** 

Rth 00:377-2 l *. CISCPFTE POLE RIG l +* NAS-3-14336 

l **500 ML r-C.9 P/0=5 lH=l L/vCF~OPTIWMJ*++ 

STRNTON MIHBER DATA 

STANrON NUMRER OATA 

llhfra SUPFRPOSITICW IS PPPLIEC 70 STANTON NUI’SER OATA FROM 
.Ulr hUr.?fPS 082377-l AN0 082>77-2 f0 ORTAlN SlAhTCN MJMIIEP DATA AT TIMJ AN0 TH-1 

PLblE 

0 
,o’ 
II 

ts 12 
‘0 13 

14 
15 
lb 
17 
18 
1s 
20 
21 
22 
21 
24 
25 
it 
27 
IC 
29 
3C 
21 
32 
33 
34 
35 
36 

PEXCGl 

111714.8 
Iset35.9 
235557.C 
27247R.2 
?c5!s5.3 
346220.4 
3E3i41.6 
4iClhi.O 
451cnj.q 
494CCf.O 
5’:‘iZt. 1 
5t rt47.3 
555sc7.4 
614521.8 
bZZ53t.2 
553342.6 
t 72145.4 
t51163.B 
7lCI~C.l 
7icllS2.5 
?4’1C7.1 
7t7221.5 
7EL235.9 
EC5242.4 
124445.1 
E434ti3.5 
tt2477.R 
eel452.2 
9ccl,ct.q 
‘)l’ifril.? 
53ef35.6 
957C4i.l 
s7t14e.a 
SS5103.2 

lC14177.0 
lOJ3751.C 

RE DEL? 5TIlH=Ol 

651.7 0.002823 
75b.b 0.CC2862 
074. I o.co3505 

1005.5 O.C0?619 
1137.2 0.00!307 
1263.2 C.CO3319 
1383.7 O.CC3210 
1499.9 o.co3oeti 
16lL.B O.C0?031 
1722.1 O.COi187 
1828.4 O.CC28IS 
1933.8 o.co2e34 
2015.2 C.CO3057 
2072.8 O.CC29E9 
213C.7 0.003398 
21tb.t C.CC2771 
2239.7 0.002812 
2253.2 C.COZt;CL 
2344.5 O.CO2555 
2354.e 0.9OL(.tlS 
2445.t C.CCZb48 
2495.6 0.032b12 
2545.5 C.OOi632 
2454.6 O.CO2523 
2642.8 0.002539 
2690.6 0.002487 
2738.3 0.002524 
27T3tl.t C.CC1548 
2034.3 C.CO246tl 
28dI .5 C.CG240S 
2929.1 0.002523 
2976.5 0.002Cb2 
3023.4 O.CO2454 
3C70.5 0.002494 
3118.2 0.002520 
31b2.8 0.002159 

nEXtlO RE DE12 ST[ TtIsll FTA StCR c-ca STHR ‘FHOT LOG@ 

lbla87.1 652.4 
196047.6 757.7 
235808.1 1901.9 
272768.5 3026.3 
309129.0 4120.7 
346b69.5 5229.4 
38365C.O 6341.1 
420h10.4 7483.2 
4575713.9 8530.5 
444531.4 9914.4 

531431.9 lOb50.6 
5tti452.4 11705.5 
596542.4 12814.8 
615577.1 12039.7 
634611.7 12864.4 
653738.6 12BLld.9 
672865.6 12913.1 
691YJO.3 12531.9 
710934.9 125b3.0 
725569.6 12589.0 
749004.4 13015.4 
760039.1 13C42.3 
70101~.7 13070.6 
8Ob200.6 13c5‘9.5 
025327.6 13128.5 
044362.3 1315a.o. 
0633Ylt.9 13100.4 
882431.6 lJ220.2 
901466.4 1325.f.5 
9.?‘>501. I 13LS4.5 
939535.7 13117.6 
950662.6 13150.9 
971709.6 13304.1 
996824.3 13417.9 

1015858.0 13452.8 
1034H93.0 134rJs.9 

0.002923 
0.002780 
0. CO2815 
0.002761 
0.002458 
O.UOZCLO 
O.OOlA71 
0.001837 
O.COIOl8 
o.no145e 
O.COl429 
0.001328 
o.co1350 
0. CO1268 
0.001326 
0. CO1244 
0.001295 
O.CO1309 
0.001323 
0.001401 
o.co1377 

uuuuu l.OCO 
0.029 0.960 
0.197 1.187 
0.237 1.253 
0.259 1.254 
0.271 1.158 
c.417 1.175 
0.405 1.173 
0.400 1.171 
c.495 1.131 
0.503 1.171 
0.532 1.1ttl 
0.558 1.359 
C.576 1.366 
0.572 1.354 
0.551 1.299 
0.539 1.293 
0.533 1.251 
c.49c 1.247 
0.478 1.234 
C.480 1.260 
0.449 1.228 
0.415 1.211 
0.409 1.211 
0.390 1.196 
0.375 1.215 
0.355 1.183 
0.327 1.175 
0.324 1.191 
0.316 1.200 
0.299 1.205 
0.299 1.2C3 
0.583 1.200 
0.282 1.210 
0.260 1.213 
0.254 1.230 

0.0000 
0.0319 
o.c300 
0.0259 
0.0296 
0.0306 
0.0299 
0.0301 
0.0290 
0.0300 
0.0303 
0.0291 

1.000 
0.932 
0.954 
0.956 
0.819 
0.873 
0. bC5 
0.698 
0.702 
0.571 
0.582 
0.546 
0.600 
0.580 
0.579 
0.5.83 
0.595 
0.603 
O-b36 
0.644 
0.655 
0.676 
0.712 
0.7lb 
0.730 
0.759 
0.763 
0.791 
0. en5 
0.82I 
0.845 
0.643 
0.661 
0.874 
0.898 
0.917 

0.0000 1 .ooo 
Q.0202 3.920 
0.0276 3.932 
0.0270 3.931 
0.0276 3.931) 
0.0279 3.UBS 
0.0290 3.792 
0.0265 3.b82 
0.0277 3.839 
0.0277 3.622 
0.0282 3.792 
0.0268 3.615 

O.C’Jl438 
o.c!l1539 
O.CO1492 
o.co1549 
0. co1553 
0.001629 
O.CO1716 
0. co I~ll>O 
O.CGl649 
0.00116tl 
0.0017ZL 
0.001760 
o.co1790 
0.001865 
0.001611 

SllhlCh hlrt’flFR RATIO tlASF0 ON EXPERIMENTAL FlAl PLtIE VALUE Al SAME )I LOCATIOH 

!lChlCN XUPBER RAT10 FOR TM-1 IS CONVERTFC TO CCPPARABLE TRAIJSPIRATIOH VALUE 
USlhC ILOG t 8116 EXPRESSION IN THE OLOCN SECTION 



Plfh 082677-L -* OISCRETE HCLE RIG +** NAS-S-14336 STANTON NWBER OATA 

Tlte- 24.46 CFC C UINF- 11.46 n/s TlNFu 24.40 OEG C 
PPCI L.175 KG/M3 VISC- O.Z5516E-04 HZ/S XYO- 105.5 CM 
CP= 1C12. J/KCK PR- 0.715 

“‘500 I’SL M~1.25 P/D=5 TWO h/VCF lOPlIMUH)*** 

PLlTE x 
1 127.8 
i 132.8 
2 

i 131.9 143.0 
5 Ice.1 
t 153.2 
7 158.2 
E 1t3.3 
9 lt0.4 

1c 113.5 
11 17e.t 
12 1b3.6 
11 lE7.5 
14 150.1 
lS 
Ii 

152.7 
155.4 

17 1Sb.C 
1E 2C0.6 
15 ic3.2 
2c 2cs.e 
il 256.5 
22 211.1 
23 213.7 
24 216.3 
2: 21E.S 
26 221.6 
27 224.2 
2e 2it.a 
25 225.4 
?C 232.0 
31 234.6 
32 237.3 
33 235.9 
34 242.5 
35 245.1 
36 2*7.0 

QEX TO 
0.16434E 06 35.75 
0.20186E 06 35.e5 
0.23s3eE Ob 35.85 
0.2765CE C6 35.79 
O.?144iE 06 35.ti3 
C-35 lS3E 06 35.75 
O.?b‘;45E 06 35.@1 
C.4.2657F Cc, 35.81 
0.4644SF 06 35.87 
0.502ClE 06 35.61 
0.53S53E Cb 35.89 
0.577:5E Ob 35.85 
C.tC557E Cb 34.99 
O.t24e=E C6 34.91 
C.t44iIE 06 34.53 
C.h636>E Ob 35.49 
o.te3c5E Cb 35.49 
G. 70237E 06 35.49 
0.72lCSE 06 35.70 
C.741ClE 06 35.75 
C.7bC34E 06 35.77 
0.715c6i Oh 35. t3 
0.73L’SaF 06 35.77 
0.91P4OE (rb 35.e3 
C.e3781E 04 35.92 
0.85714r 06 35.13 
o.eitscE 06 3C.C2 
O.e957EE Cb 36.12 
C.5lC,llE 06 35.91 
C. 53’143E. 06 36. I7 
0.95375E 06 3t. 13 
0.97317E 06 35.58 
0.99i5dF C6 35.56 
0.10115E 07 35.64 
0.10312E 07 35.09 
0. 105OLE 07 35.e9 

REEr\lTH 
0.66222E 03 
C.774C5E 03 
0.97466E 03 
0.12095E 04 
0.14’123E 04 
0.16934E 04 
0.1938 1E 04 
0.21947E C4 
O.i4J41E 04 
C.2672trE 04 
0.2bA95E 04 
C.31294E 04 
0.320t38E 04 
0.3363bE 04 
O.j44@6E 04 
0.35130E 04 
0.35765E 04 
0.36401E 04 
0.36999E 04 
0.3757LE C4 
0.33 147E 04 
0.387CSE 04 
0.33250E 04 
0.357133E C4 
0.403CSE 04 
0.40H17E 04 
0.41321E 04 
0.41926E 04 
0.42j27E CG 
0.4282iE 04 
0.433 16E 04 
0.43t306F 04 
0.44?M IE 04 
0.44711E C4 
0.4525YF 04 
0.45707E 04 

STAWTCN NO OST 
0,29020E-02 0.997E-04 
0.30589E-C2 0. LOOE-03 
0.36947E-02 a.i07+03 
0.4031 IE-02 O.llZE-03 
0.4135t.w-CL c. IILE-03 
0.44322E-02 O.l17E-03 
C.4276LE-C2 0.114E-03 
0.436jdE-02 C.llfJE-03 
0.422bOE-02 O.l1'3E-03 
0.4073UE-cz C.lllE-03 
C.39j40E-02 O.l04E-03 
0.40555E-C2 O.lllE-03 
0.40124E-C2 c. 145E-03 
0.37130E-C2 C. 145E-03 
0.4252 7E-CZ C.l55k-03 
0.32334E-C2 C. 129E-03 
0.33L4tlE-02 O.l27E-03 
0.3252OE-02 O.l24E-03 
0.2931 YE-C2 O.l14E-03 
0.2Y954f-02 C.l15E-03 
C.2548OE-02 O.l13E-03 
0.20175E-CZ C.llOE-03 
0.28154E-Ct C. 1 OYE-03 
0.269H5F-C2 C. 1 CbE-03 
0.2697JE-02 O.l07E-03 
Oi25d91E-02 O.lOOF-03 
0.262SlE-02 O.l04E-03 
0.263CdE-C2 O.l04E-03 
O.Z575iE-02 C.ScilE-04 
0.25j92E-OL O. lOZE-0 3 
0.2566bE-02 c. LOX-03 
0.24992E-02 0.951E-04 
0.24730E-02 C.99!iE-04 
0.25362E-OL C.S78E-C4 
0.2504jF-02 O.l02E-03 
O.ZlLILE-C2 C.lOlE-03 

UNCERTAINTY IN 1==0.05164 IN PATIO 

CRCEN 

3:: 
52. 
67. 
80. 
91. 

100. 
1cs. 
117. 
124. 
131. 
138. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 
141. 

n f I2 TtmA DTH. 

1.01 0.0584 24.79 0.034 0.027 
1.85 0.0598 24.86 0.040 0.027 
1.81 0.0586 24.tll 0.036 0.027 
1.90 0.0615 24.85 0.039 0.027 
A.76 0.0568 24.83 0.030 0.027 
1.84 O.C596 ‘24.tI9 0.042 0.027 
1.133 0.0592 24.81 0.035 0.027 
1.83 O.OSYC 24.03 0.037 O.d27 
1.80 0.05tI2 24.75 0.030 0.027 
1.04 0.0555 24.81 0.040 0.027 
1.77 0.0572 24.64 0.021 0.027 



Wh 082677-2 l ** DISCRETE HOLE RIG l ** NAS-3-14336 STANTON NUMBER CATA 

TtCL- 26.62 OEG C UI kF= 11.51 H/S tINf= 26.56 OEG C 
RI-C= I.l6t KG/M3 vTSC= O.l5712E-04 ?I215 xyo* 105.5 CM 
CP* 1013. J/KGK PR- 0.715 

l **500 t-SL Pal.25 P/O=5 w-1 k/VCF~OPTlwJHJ*~* 

PLITE X DEX 

3 

1 127.8 

137.9 
2 

4 143.c 

122.8 

5 148.1 
e 153.2 
7 158.2 
e 163.3 
5 1te.4 

IC 173.5 
I1 178.6 
12 le3.t 

z 13 lf7.5 
P 14 1SC.l 

1‘ a 152.7 
1c 155.4 
17 198.0 
1e 2cc.c 
19 203.2 
2c 2cs.0 
21 2C8.5 
22 211.1 
i? 213.7 
24 216.3 
2' 21E.S 
2t 221.6 
27 224.2 
20 226.0 
25 225.4 
?C 232.c 
31 234.6 
22 237.3 
33 225.9 
24 242.5 
35 245.1 
3t 247.a 

0.23732E 06 

0.1629X 06 

C.27452E 06 
O.?II?ZE 06 
C.?4ES2F Cb 
O.?EelZE Cb 

0.20C13E 06 

C.42331E Of2 
C.4bCSlE 06 
C.45771E 06 
C.534SlE Gb 
0.57211? Cb 
C.tCC3dF 06 
C.6lS53f C6 
o.t3et5E Ob 
C.t5754E 06 
0.67719E 06 
C.69635E 06 
rJ.7155OF C6 
0.744Cti C6 
0.75382E Cb 
0.772Si'E 06 
0.7C213E 06 
0.81ljHE 06 
C.R3Cb3E Ob 
O.U4973E C6 
C.eoRSSE 06 
0. ee.5IoF 06 
O.iCJ7itE 06 
C.SZC42E 06 
0.94557E Cb 
C.S64EZE Cb 
O.SH4C7E 06 
C.lOC32E 07 
C.lCL24E 07 
0.104l:E 07 

10 
38.86 
38.89 
3E.53 
36.86 
38.84 
38.84 
38.86 
3e.55 
38.91 
38.70 
36.51 
3e.90 
37.94 
37.05 
31.e5 
3e.ce 
38.ce 
38.08 
3e.c4 
3e.c4 
38.02 
?B.CO 
37.96 
37.56 
3E.CC 
37.E3 
38.G2 
3e.10 
37.52 
38.11 
30.c4 
37.92 
37.92 
37.70 
37.03 
37.e3 

REENTH 
0.65654E 03 
0.76722E 03 
C.294C)liE 04 
0.51313E 04 
0.72436E 04 
0.93991E 04 
0.113YIE 05 
c.13424t 05 
0.15443E 05 
0.1743x 05 
0.19425E 05 
0.213d7E 05 
0.23lS5E OS 
0.2323JE 05 
C.2j264E 05 
0.23297E 05 
0.23328E 05 
0.23359E 05 
0.23389E 05 
0.23414E 05 
0.23450E 05 
0.23461E C5 
0.235136 OS 
0.2354&E OS 
0.2357hF 05 
0.23607E 05 
0.23643E 05 
0.23673E 05 
0.2370uE 05 
0.2J739E 05 
0.23773E 05 
0.23UO7F 05 
0.2394ilE 05 
0.23tJ74E OS 
0.239ZOE 05 
0.23941E O:, 

STANTCN NO 
0.29782E-02 
0.29723E-02 
0.34170E-C2 
0.35931E-02 
0.36417E-02 
0.330YlE-02 
0.26+55E-C2 
0.25L27E-C2 
C.P33CoE-C2 
0.261!~7F-C2 
C.l0766E-02 
O.l%lS!iE-C2 
O.lIl/4‘~E-C2 
C.l7565E-02 
0.18131E-02 
0.160!l9E-02 0.722E-04 
O.l6341E-02 C.722E-04 
0.16007E-02 0.716E-04 
O.l5515E-02 0.605E-04 
0.16304E-02 C.~CIIE-04 
O.l6145E-C2 C.7CYE-04 
O.l6171E-02 C.724E-04 
O.l64ki6E-02 0.733E-04 
O.l62dZE-C2 C. 733F-04 
O.l6653E-02 0.74BE-04 
C.l6ejSE-C2 C.722E-04 
O.l713'JE-02 C.76GE-04 
O.l735jk-02 0.768E-04 
O.l72i5E-CZ C.736E-04 
C.l7jGTt-02 O.l75E-04 
0.17~>2oE-C2 0.77YF-04 
C. 1760dE-02 0.772E-04 
0.17~~1E-CZ C.77lE-04 
0.17dYbE-02 C.758E-04 
c.ield3k-c2 C.BlOE-04 
0.155 IIE-02 C.BldE-04 

OS1 
0.940E-04 
0.937E04 
C.984E-04 
O.lOOE-03 
0. IOIE-03 
C.973E-04 
C.SZtIt-04 
C.894E-04 
0.8131E-04 
0.917E-04 
O.O40E-04 
C.tMCE-04 
C.73bE-04 
0.782E-04 
C.771E-04 

UNCERTAINTY IN F=0.05164 Ik PATIO 

GREEN 

549: 
102. 
131. 
155. 
174. 
191. 
207. 
221. 
235. 
247. 
259. 
264. 
264. 
264. 
264. 
264. 
2t4. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
264. 
2k4. 
264. 

n c T2 THETA 

5.66 0.0537 39.24 1.028 0.025 
1.70 0.0551 38.99 1.004 0.025 
1.64 0.0532 38.85 1.000 0.025 
1.69 0.0548 38.76 0.994 O.C25 
1.58 0.0513 38.58 0.979 0.025 
1.68 0.0545 38.34 0.958 0.025 
1.67 0.0542 38.41 0.957 0.025 
1.67 0.0540 38.23 0.545 0.025 
1.66 0.0536 38.21 0.959 0.025 
1.70 0.0549 31.97 0.924 0.025 
1.62 0.0525 37.55 0.896 0.025 

DTH 

ChCEPT~lhTY IN EEx= 1971. 



@Uh 002bTFI l ** OfXRET!! WCC R(G l .a NAS-3.14JJM STANTOM MuMleA DATA 

***MO WSL M=l.iS P/O-S TM=0 Y/VCFUlPTIMUMJ*** 

PIA 0026?7-2 +** OISCPEIE POLE Rlt l ** NAS-3-14336 ¶tbNTON NUNGER GATA 

l **500 kSL h1.25 P/O=S tH=1 le/VCPIOPltMUHJ*** 

1IhfbP SlPtPPOSITJCN IS APPLXEO 70 STANTON NUMBEl DATA fROM 
Pbh hC@BFFS CBZbt’l-1 ANC 082677-2 TO 09TAIN STINTON NUMBCII DATA AT TWO AND TM-~ 

PLATE RFkCCl RE DEL2 STIlti-01 REXI+. 

: 
3 
4 
5 
6 
T 
8 

1: 

N :: 
14 
15 
1t 
17 
I8 
19 
20 
21 
22 
i3 
ik 
25 
26 
27 
20 
29 
?C 
31 
32 
33 
34 
?5 
36 

1t433t.3 
iClBSt.9 
21937t.7 
21tt55.3 
314415.0 
351SJ4.7 
3RG454.4 
426514.0 
4t4493.7 
502Cl3.4 
535533.1 
577C52.7 
tC5567.8 
ti4tsc.c 
644212.9 
tt3b25.2 
6@3C45.7 
7c22ce.3 
7IliSC.C 
741013.5 
1ecz3t.c 
119b5S.O 
75e5e1.6 
81fl35l.e 
8371114.3 
t5113t.9 
816455.5 
e5510i.l 
91513t.o 
S3SS21.6 
s5315t.3 
5131tt.4 
w25e2.9 

lClIFC5.0 
lC?l2ZF.O 
105055c.o 

642.2 O.CC2902 162927.4 
774.1 0.003062 200125.4 
9cf.o 0.033703 237323.4 

1047.6 0.004111 274521.4 
1202.7 0.004155 311719.4 
1365.C o.cc4540 34t1917.4 
1532.3 O.CC4338 35b115.4 
1697.0 o.co4441 423313.4 
lebl.0 0.004301 463511.4 
2019.1 0.004128 497703.4 
2171.9 O.CCCCI4 534YO7.4 
2324.6 o.occl2B 572105.4 
2441.6 0.004ceb 600375.9 
2517.1 o.oa3?81 t19532.9 
25'16.2 c.cc4337 63tlb69.9 
267C.C C.CC329O 657439.b 
2734.5 C.COJJ83 611109.6 
2799.3 n.cO?3c9 696346.6 
2860.1 o.oc1903 7155133.5 
291l1.4 c.cc3c43 734bb0.5 
297b.ll O.CC29cI5 75J017.7 
3033.4 C.CCLH59 172‘174.6 
3oae.7 0.002856 792131.6 
3142.8 O.CO2736 011301.4 
3195-t c.ccz733 630631.4 
3247.4 0.002b22 849780.3 
3278.5 0.202657 660945.3 
3349.6 O.COZb?l aaoioz.3 
34CO.3 0.C02605 9’31259.4 
3450.3 0.002561 926416.4 
3500.2 0.002594 945573.4 
3545.1 C.CG2525 96482J.l 
3590.3 0.002448 984013.1 
3647.3 0.00256L lOr)3230.0 
3696.5 0.002528 IO22381.C 
3741.7 0.032147 1041544.0 

RE DE12 ST(TH=lJ 

656.5 0.002978 
767.3 O.CO2975 

21384.3 O.CO3481 
50b5.6 0.C03596 
lllS.2 o.co3645 
9J45.7 O.CO3.292 

11366.9 O.CO2197 
J3491.5 O.COZ437 
15594.5 O.COZ229 
17652.6 O.CO2539 
19766.3 0.001144 
21872.7 O.COl769 
23074.5 O.COlo58 
23905.3 0.001558 
23935.3 O.COl566 
239~4.1 0.001441 
23991.9 O.COI463 
2431'3.1 0.001433 
24i141.0 O.OOL412 
24014.8 0. co1492 
24103.3 0.0014tl0 
24131.e o.co1495 
24160.8 0.0015L7 
24190.0 0.001529 
24219.6 o.-cOl561 
24249.4. 0.001548 
2427Y.l O.COL.!lZ2 
24Jll.l 0.051648 
24342.6 O.COlb36 
24J14.0 0.001b49 
24CCb.3 o.oc1714 
244Jt1.9 0.001686 
24471.1 0.001672 
24503.5 0.001714 
24$Jb.l 0.001149 
24567.9 0.001499 

ETA STCR F-COL STMR f-J!07 LOG8 

uuuuu 1.000 
C.021 l.OZT 
0.060 1.251 
0.12b 1.423 
0.123 1.406 
0.275 1.638 
0.355 1.588 
0.451 1.688 
0.482 1.662 
0.385 I.618 
0.566 1.635 
0.571 l.b98 
0.594 1.017 
0.588 1.729 
0.639 1.856 
C.562 1.542 
0.568 1.555 
0.567 1.525 
0.526 1.432 
0.510 1.358 
0.506 1.425 
0.477 1.344 
C.465 1.321 
0.444 1.313 
0.429 I.Ztl8 
c.410 1.2OJ 
0.390 1.245 
0.374 1.213 
0.372 1.257 
0.358 1.240 
0.339 1.239 
0.332 1.234 
0.331 1.222 
0.331 1.251 
0.300 1.2lT 
0.302 1.222 

0.0000 
0.05a4 
0.0598 
0.050b 
0.0615 
0.0568 
0.0596 
0.0592 
0.0594 
0.0582 
0.0595 
0.0572 

1.000 
0.990 
1.119 
1.246 
1.303 
1.188 
1.024 
0.92b 
0.861 
0.995 
0.110 
0.728 
0.738 
0.713 
0.685 
0.676 
0.672 
0.6bO 
0.618 
0.686 
0.704 
0.703 
0.706 
0.730 
0.736 
0.756 
0.760 
0.760 
0.790 
0.19b 
0.819 
0.024 
0.618 
0.837 
o.e+2 
0.054 

0.0000 1.000 
0.0537 6.110 
0.0551 .6.612 
0.0532 6.670 
0.054G 7.063 
0.0513 6.590 
0.0545 b.609 
0.0542 6.549 
0.0540 b.4bb 
0.053b 6.787 
0.0549 b.422 
0.052s 6.310 

S7ChlCh hl,VCFR RATIO BASELI ON EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION 

SlANtON NLHBER RATIO FOR TM=1 IS CCNVERTEO TO COHPARABLE TRANSYIRATION VALUE 
OSICIC SLCClI l IJIB EXPPESSION IN THE BLGYN SECllON 



RUL 07C677 VELCCITY PROFILE 

WE> - O.lIlSlE C7 REM - 25%. 

xvc l 22.to CM OFL2 - 0.234 CM 
CIhF - 16.79 n/s CEL59= 2.050 cn 
bIX - 0.15393+04 nz/s OFLL = 0.327 CM 
FCr;l = 3 
XLCC - 125.22 CM tnF/2 

1.396 
= O.lOOOOE 01 

t(CP) Y’/CEl. C;lH/S) WUINF Y+ LI+ 

OIC25 C.012 7.22 0.430 277.0 
C.CZB C.ClS 7.29 
c.c30 C.ClS 7.35 
o.c33 
C.C38 

0.0 16 
C.Cl9 

7.59 
8.07 

0.435 3c4.7 
0.438 332.4 
0.452 360.1 
0.481 415.5 

0.43 
0.43 
0.44 
o.c> 
o.ca 

c.c43 
C.CC8 
C.CL,3 
0. C58 

‘C.C71 

C.CZl 
C-024 
C.C26 
C.C29 
c.035 

6.42 0.502 470.9 0.50 
e.74 0.520 526.3 0.52 
8.96 0.534 581.7 0.53 
9.17 0.546 637.1 Il.55 
5.51 0.566 715.6 0.57 

C.Cf9 C-038 9.61 0.572 e50.7 0.57 
o.ca4 0.041 S.eb 0.507 914.1 0.59 
0.c97 0.047 10.03 0.557 1052.6 0.60 
c. lC5 C.C53 10.24 0.610 1191 .l 0.61 
0.135 O.Ot6 10.49 0.625 1468.1 0.63 

c. 160 0.078 10.76 0.641 1745.1 0.64 
C.lE5 c.cso 11.01 O.b56 2022.1 0.66 
0.211 0.103 II.21 O.bbL 2259.1 0.67 
C.236 c.115 11.38 0.678 2576.1 0.68 
C.262 0.128 11.51 0.6@6 2853.3 0.69 

c.312 0.152 
c.177 
C.lFb 
c.2 14 
C.233 

11 .e3 
12.11 
12 -28 
12.45 
12.67 

0.705 3407.1 
0.721 39t1.L 
0.731 4376.6 
0.744 4752.1 
0.755 5267.6 

0.70 
0.72 
0.13 
0.74 
0.75 

c.3c3 
c.4c1 
c.439 
C-478 

0.5 lb 
C.566 
c.t17 
c.tl31 
c. t44 

a.252 12.81 0.763 5623.1 0.76 
0.276 13.14 0.781 6177.1 0.70 
C.3Cl 13.26 0.790 6731 .l 0.79 
0.322 13.51 0.005 7423.t 0.80 
c.3t3 13.73 O.dla 8116.2 0.92 

C.LCB c.394 13.97 0.032 8808.7 
a.871 0.425 14.18 0.844 9501.2 
c,ssa C.4@7 14.56 O.@bt1 C896.2 
1.12s 0.549 14..96 0.E19112271.2 
1.252 C.611 15.32 0.91213656-Z 

i.315 C.673 
c.735 
c.757 
c.tt59 
c.921 

C.983 
1.C45 
1.1ct 
l.lC9 

15.65 
15.89 
lb.21 
lb.40 
16.55 

0.93215C41.2 
0.9471Cb~b.i 
0.9661 Ic111.2 
0.97719196.2 
0.98620561.2 

1. :cc 
1.t33 
1.1tc 
1.tc7 

2.C14 
2.141 

16.66 0.99321966.3 
lb.72 0.99623351.3 
1q.73 0.99724736.3 
lb.79 l.00C261i1.3 

0.83 
0.04 
0.07 
0.89 
0.91 

0.93 
0.95 
0.97 
0.98 
0.99 

0.99 
1.00 
1.00 
1.00 

143 



FM 07Cb77 *+I DISCRETE HOLE ASG *** NAS-3-14336 STANTON ~ur40ER DATA 

1At0= 24.15 DEG C UTNF- lb.79 M/S 
WI-C= 1.183 KC/M3 vrsc= O.l5407E-04 HZ/S 
CP- lC12. J/KGK PR- 0.715 

l *‘25CC LHX FLAT PUTE P/0=5+- 

TINF= 24.06 DEG C 
XYO- 22.8 CM 

PLATE 
1 I27:8 
2 132.8 
1 

i 
137.9 
143.0 

5 14P.l 
t 153.2 
7 158.2 
a 163.3 

IT :“,“,:: 
11 179.6 
li 1e3.t 

r- 13 1et.5 
12 14 lSC.1 

1; I* 152.1 155.4 
17 159.0 
ie 2CC.b 
IS 2cz.2 
2c 2c5.e 
21 2Cf.5 
22 211.1 
23 213.7 
24 216.3 
25 219.9 
2t 221.6 
27 224.2 
2E 226.8 
25 225.4 
3c 232.0 
31 234.6 
32 237.3 
31 235.9 
54 242.5 
35 245.1 
3t 247.9 

PEX 
0.1143tE 07 
0.11990E 07 
0.12 543E 03 
0.13SF7E 07 
C;13t51E 07 
O.lI1iC4E 07 
0.1475UE CT 
0.15311E cl7 
C. 15Bb5F 07 
C. 16419E 07 
0. IGYl.fE 07 
0.17:ZtE Cl 
0.17547E 07 
c. 1923iF: 07 
C.ld517E 07 
c. liJOC4E 07 
O.lYCC,CE c7 
0.19375E C? 
C. 19tbOE 07 
C.1994tlE or 
C.iOi31E 07 
C.ZLJblbE 07 
C.?CUCl E 07 
c. 21 CObE 07 
0.21374E 07 
0.21(5SF c7 
0.21S44E 07 
O.ZLk29E 07 
C. 22515E 07 
d.22dC3E 07 
c. L3C65E 07 
0.23171E 07 
0.23650E 07 
0.23C43E 07 
0.242itlE 07 
C.24’r13F C7 

TO REENTH 
36.46 0.96891E 02 
36.44 C.28044E 03 
36.46 0.45415E 03 
36.46 0.62199E 03 
36.44 0.719332E 03 
36.46 O.Y3Y65E 03 
36.44 O.lOYljE C4 
36.46 0.123P.JE 04 
36.48 0.13813E 04 
36.52 0.15204E 04 
3t.50 0.16575E 04 
36.46 0.17945E 04 
35.37 O.IBY32E 04 
35.18 C.19525E 04 
35.28 0.20120E 04 
35.33 0.2070./F 04 
35.33 0.2129 IE 04 
35.33 0.21873E 06 
35.35 C.22439E 04 
35.39 0.23009E 04 
35.35 C.235tJ6F 04 
35.39 0.24155E 04 
35.28 0.2473bE 04 
35.41 0.25313f 04 
35.43 0.25892E 04 
35.35 0.2644EE 04 
j5.51 0.27010E 04 
35.60 0.275A7E C4 
35.39 0.2b151E 04 
35.66 0.2870OE 04 
35.64 0.2925ut 04 
35.49 0.2981 IE 04 
35.47 0 30355E C4 . 
35.10 0. 31)Y,-I)OE 04 
35.43 0.3144YE 04 
35.37 0.31979c 04 

STANTONNO 
0.34394E-02 
0.3190tE-02 
0.30d43E-02 
0.29786E-C2 
0.26452E-02 
C.2797dE-C2 
0.2bd14E-02 
0.26LolE-02 
0.25391E-C2 
0.24iio3E-02 
0.24t51E-C2 
0.24864E-02, 
O.ZOiiOE-C2 
0.20604E-C2 
C.2LC5kIE-C2 
0.201$8E-02 
C.Z0457E-02 
0.20417E-C2 
0.19&73E-CZ 
C.ZChblE-02 
O.l9914E-02 
O.lcI9UlC-CZ 
0.20730f-C2 
O.l366jE-02 
C.ZCL40E-02 
0:19355F-cz 
0.20055E-C2 
0,20383E-02 
O.l9119E-02 
O.l9329E-CL 
O.l9744E-02 
O.lYil26E-c2 
O.l‘ICYdE-02 
O.l902OE-02 
O.lY441F-C2 
O.l75YbE-02 

DST 
O.btHE-04 
0.670’-04 
0.661E-04 
C.653E-04 
O.C44E-04 
C.640E-04 
O.b33E-04 
O.blOE-04 
C.6LIE-04 
0.616E-04 
0.616k-04 
0.619E-04 
C. 719E-04 
C.l61E-04 
0.775t-04 
0.744E-04 
0.754E-04 
C.753E-04 
C.717E-04 
0.749E-04 
0.730E-04 
0.74tAF.-04 
C. 75bF-04 
0.73tlF-04 
0.752E-04 
0.715E-04 
C. 744E-04 
0.7blE-04 
0.695E-04 
C. 730E-04 
C.735E-04 
C. 709E-04 
0.720E-04 
0.69LE-04 
C. 744E-04 
0.75GE-04 

UREEN 
6. 
6. 
7. 
7. 
8. 
8. 
8. 
9. 

1’0: 
10. 
10. 
10. 
10. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
11. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 
13. 
13. 
13. 

ST(THEOI RAT!0 
0.31700E-02 1.08s 
0.27932E-02 1.142 
0.26279E-02 1.174 
0.25212+02 1.181 
0.24422E-02 1.167 
0.23754E-02 i.itb 
0.23273E-02 1.152 
0.2LB27E-02 1.151 
0.22437f-02 1.132 
C.220SCE-02 1.126 
0.21778E-02 1.132 
0.21494E*-02 1.157 
0.21294E-02 0.982 
0.211bbE-02 0.573 
0.21043E-02 1.001 
0.20324E-02 0.962 
0.2UdOYE-02 0.903 
0.2069BE-C2 0.986 
0.2C592E-02 0.946 
0.20489E-02 0.999 
0.20389E-02 0.977 
0.20293E-02 0.905 
0.2019GE-02 LO26 
O.ZOlOUE-02 0.970 
0.20019E-02 I.011 
0.19933E-02 0.971 
O.LYH50t-CZ 1.010 
O.l9769E-02 1.031 
O.l9690E-02 0.971 
O.l9612E-02 0.9tlb 
0.195376-02 1.011 
O.l9463E-02 0.978 
0.1939 IE-02 0.985 
0.19321E-02 0.984 
O.l9L52E-02 1.012 
O.l9185E-02 0.917 



- 

PUh 070477 l *C+ DISCRETE HCLE RIG *** NAS-3-14336 STANTON NUUBER CATA 

10te= 23.69 DFC C UlW- 16.78 MIS TINF- 23.56 DEG C 
PbC= l.leS KG/n3 VI SC- 0.15363E-04 M2/S XYO= 22.H CH 
CF= 1011. J/KCK PR= 0.715 

‘**2500 .lJl-SL Pro.4 TH-0 P/D=5 W/VCFIOPTlMUH~*** 

PLLTE X 
1 127.8 
2 lZ2.8 
‘) - 137.9 
4 143.0 
. 
; 

148.1 
153.2 

1 158.2 
e lC3.3 

1: ::::: 
11 178.6 
12 183.6 

F 
l? 1t7.5 
14 193.1 

u-l 1‘ a 152.7 
1t lS5.4 

FEX 
0.11459E 07 
0.12Cl3F 07 
C. 12 5bf1E 07 
0.13123E 07 
0.13tlaE 07 
0.142336 07 
0.14,ltlE C? 
G. 15342E 07 
C.15897E 07 
O.lC4:ZE 07 
C.17CChE 07 
0.17561E 07 
C.l7‘~133E 07 
0.182tBE 07 
O.IEl554E 07 
D.lt)841E 07 

TO 
36.25 
36.17 
3t.17 
36.13 
36.15 
36.17 
36.17 
36.15 
36.23 
3t.14 
36.13 
36.17 
36.24 
36.46 
3C.61 
36.83 

REENTH STANTON NO DST CREEN 
0.97084F 02 0.337 16E-02 O.bbBE-04 6. 
0.26967E 03 O.t8502E-C2 0.633E-04 12. 
0.5194bE 03 0.29204E-02 C.b38E-04 19. 
0.77214E 03 0.2P463E-C2 O.h35F-04 23. 
O.lOLtllE 04 0.2715!aE-C2 O.b25E-04 27. 
0.12564E 04 0.2559bE-02 O.b16E-04 30. 
0.1483bE 04 0.25168E-02 C.blCE-04 33. 
0.17136E 04 0.24jlYE-C2 C.b06E-04 36. 
0.1935L.F 04 C.23C45E-02 0.595E-04 35. 
0.21>16E 04 O..?2~69E-02 0.5YJE-04 41. 
0.23632E 04 0.22240E-02 C.5+iE-04 44. 
0.257tIlE 04 0.21831E-02 C.590E-04 46. 
0.27644E 04 0.225Y9E-C2 O.?FilE-04 47. 
O.ZK?a5E 04 O.ZC7YOE-CZ 0.752t-04 41. 
0.28064E 04 0.21114E-02 C.?44E-04 47. 
0.2943UE 04 G.l904LE-02 C.b92E-04 47. 
0.2999lE CG O.l9343L-02 C.6YjE-04 47. 
0.305.+1E c4 O.l9114E-02 O.bUlE-04 47. 
C.31069E 04 O.lfI067E-02 C.650E-04 47. 
0.31596E 04 O.lb/55E-02 O.h?iE-04 47. 
0.32124E 04 O.ltl192E-02 O.b51E-04 '47. 
0.32647E 04 O.ld3AZE-C2 O.b72E-04 47. 
0.33184E C4 O.l9Lo?E-OL 0.604E-04 47. 
0.33720E 04 O.l8257E-C2 C.b67E-04 47. 
0.3/1252E 04 O.ldY4aE-02 O.CBRE-C4 47. 
0.347alE 04 C.l805LF-CL C. 64bE-04 47. 
0.35311E 04 C.l901YE-.02 0. bf39E-04 47. 
0.35d65E 04 O.lSlCGE-02 0.71bE-04 47. 
0.36413E 04 O.l8636E-C2 C.655E-04 47. 
0.3b94dE 04 O.ID173F-C2 0.688E-04 41. 
0.37491E 04 O.l92C9i-C2 0.6';6E-04 47. 
0.38033E 04 O.lRoBSE-02 0.674E-C4 47. 
0.3R57lE 04 O.l8515E-C2 C.692E-04 47. 
0.39114t: 04 O.l93~bE-C2 C.6b5E-04 47. 
0.3965'IE 04 C.l9CljF-CL C.?15E-04 47. 
0.40193E 04 O.li325bE-02 O.?5lE-04 47. 

17 150.0 0.1912dE 07 3c.50 
lt? ZCC.6 C.134lcE 07 36.93 
15 
zc 
2L 
22 
22 
24 
2: 
2c 
27 
28 
2s 
3C 
31 
32 
33 
24 
35 
3c 

2G3.2 0.147CiF 07 
2CS.B O.l4Sl?5E 07 
208.5 0.23L71F 07 
211.1 0.10557E 07 
213.1 0.7Ck43E C? 
216.3 0.2113OF 07 
21e.5 C.21417F 07 
221.6 0.217C2E 07 
224.2 C.Z19E!!lE 07 
2it.B 0.72274E 07 
229.4 0.2256OE 07 
2'2.C C.Z2?45E 07 
234.1 0.23131E 07 
i?? .3 0.2341&E 07 
239.9 9.237CSE 07 
242.5 C.23rSlE 07 
245.1 C.?4LllE 07 
247..!? 0.245t2E 07 

3c.91 
37.Cl 
36.97 
31.cr 
36.93 
37.c3 
37.C3 
36.86 
3i.c7 
37.16 
3C.E@ 
37.16 
37.14 
36.S3 
3b.88 
36.48 
36.80 
36.52 

n F T2 THETA 

0.45 0.0146 24.96 0.111 
0.44 0.0144 25.03 0.116 
0.45 0.0146 24.99 0.113 
0.41 0.0134 25.10 0.122 
0.43 0.0140 24.95 0.110 
0.43 0.0140 25.07 0.120 
0.45 0.0146 24.97 0.112 
0.44 0.0142 25.00 0.113 
0.45 0.0145 24.94 0.109 
0.42 0.0135 25.12 0.124 
0.43 0.0139 25.09 0.121 

ml 

0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 
0.024 

CLCELTElhTY IFi PFX=l2815. UNCERTAINTY IN F=O.O50:$6 IN HATIC 



RUN 070677 **i OISCRETE HOLE RIG *+* NAS-3-14336 STANTON NUHDER OAtA 

IACe= 23.7C CFC C UIhF= lb.78 M/S lINF= 23.66 OEG C 
FM= 1.184 KC/M~ VISC- O.l5371E-04 HZ/S XYO= 2z.a CM 
CP= ICll. J/KC(K PP= 0.715 

***2500 LkSL f’10.4 TH=l P/D=5 L/~CF~OPTIHlJHJ+** 

FLLTE x 
i Iz7.e 
i 132.0 
3 137.5 
4 143.0 
5 149.1 
t lC!.Z 
7 Ire.2 
E 163.3 
5 1tkJ.4 

1c 173.5 
11 17e.e 
12 183.6 

22 

1t 

213.7 

155.4 
17 19b.Q 
IE 2CC.b 

‘24 

1s 2c3.2 
tc 2c5.9 

216.3 

21 200.5 
22 211.1 

FFh TO 
0.11454E 07 

C.iC934E 07 

40.94 
O.lZCC9E 07 

39.69 

4c.77 
0.125t3E 01 

r).illr*IE 

4C.81 
0.1311&E 07 

07 3S.77 

4C.76 
c-8 136liE 07 4C.Hl 
C.142P7F 07 40.S4 
c.14 7WE 07 40.d5 
0. 1533bE 07 4c.77 
c. 158SIE 07 4c. 79 
0. Jb445E 07 4c.e7 
C. 17CCPE 07 40.87 
0.17554E 01 4c.54 
C. 1757LE 07 4c. 17 
O.lbZklE 07 3Y.90 
O.l8547E 07 40.00 
C. lbb34E 07 4c.03 
0.1912lE 07 4O.Cl 
0. JS4C7E 07 4G.Cl 
0.19t5ZF 07 39.52 
c. 1957dF 07 39.St 
C.202t3E 07 39.86 
0.20545E 07 35.t!2 

25 21B.F C.214CBE 07 39.75 
26 221.6 0.21C54E 07 39.50 
27 224.2 C.2148CE 07 35.71 
2E 22C.e C.22265E 07 39.75 
25 225.4 0.2iSSIE 07 35.44 
3c 2?2.C C.ZLt.36E 07 3S.71 
31 214.6 0.2312ZE 07 39.64 
32 231.3 C.234C9E 07 39.41 
33 235.5 C.2365bE 07 39.29 

34 242.5 C.235EZF: 01 38.53 
35 245.1 C.24267E 07 39.14 
3t 247.0 O.Z4!453E 07 39.14 

PEENTtl 
0.9704bE 02 
0.26127E 03 
0.10359E 04 
0. iao23F 04 
0.25528E 04 
0.32777F C4 
0.39779F 04 
0.4 7025F 04 
0.54164E 04 
0.61182E 04 
0.662 72E 04 
0.74313E 04 
0.813bOE 04 
O.BlcB14E 04 
0.91A64E 04 
o.a2li IE 04 
0.02374E 04 
O.d2641E 04 
0.829WE 04 
O.aJlalE c4 
0.83471E 04 
0.837bOE 04 
0.8497lE 04 
0.8433lJE 04 
0.847C4E 04 
0.8502~*E 04 
O.tIS~SBE 04 
0.85714E 04 
C.8IOljE 04 
0.86427E 04 
O.db791E 04 
0.87153E 04 
0.87529E 04 
O.LI’IYOCE 04 
0.88290E 04 
0.88hb3E 04 

STANTON NO IJST 
0.3301bE-C2 0.504E-04 
C.26212E-02 C.4bbE-04 
0.22539E-02 0.445E-04 
O.l857aE-C2 C.42aE-04 
O.l5909E-C2 C.415E-04 
O.l3959E-02 C.40SE-04 
O.l2jYdE-C2 0.402E-04 
O.l1529F-02 0.4GlE-04 
C.l0745F-C2 0.399E-04 
0.9Rd20F-C3 C.395E-04 
0.94JJ3E-03 O.j94E-04 
o.a4suaE-c3 c. 39clt-04 
0.8hil67E”03 C.327E-04 
0.855S5f-C3 c. 357E-04 
O.d9503E-03 C.362E-04 
O.f3bJOZE-03 C. 355E-04 
0.92547E-C3 C. 37 lE-04 
0.93910+03 0.377E-04 
C.93C86E-C3 0.364E-04 
O.l0122E-02 C.352E-04 
0.97tJj3E-03 0.38ZE-04 
O.lCCb3F-C2 C.410E-04 
O.l1235E-02 0.427E-04 
O.lCd22E-C2 C.424E-04 
O.l1384E-02 0.441E-04 
0.1 I1 7bE-C2 0.421E-04 
O.l2019E-C2 C.459E-G4 
C.128YbE”02 0.489E-04 
O.l2L>tjE-C2 C.447E-04 
G.ll;tdZt-02 O.CBc)E-04 
O.I2S3FE-C2 C.saeE-04 
O.l21>bE-C2 C.47bE-04 
O.l3113E-C2 O.C94E-04 
0.131‘i7E-C? C.47bE-04 
O.l3aZ!iE-C2 0.523E-G4 
O.l2253E-C2 C.lijYE-04 

DREEN 

1:: 
31. 
40. 
47. 
53. 
58. 
63. 
68. 
72. 
76. 
80. 
02. 
82. 
82. 
62. 
82. 
82. 
82. 
82. 
02. 
82. 
82. 
82. 
02. 
82. 
82. 
82. 
82. 
82. 
82. 
82. 
e2. 
02. 
82. 
e2. 

R I: 12 THETA 

0.39 0.0125 39.47 0.924 
0.38 0.0124 39.99 0.952 
0.30 0.0123 40.03 0.957 
0.30 0.0122 39.96 O.-s51 
0.37 0.0120 39.92 0.941 
0.39 0.0126 39.86 0.942 
0.38 0.0123 39.97 0.453 
0.30 0.0124 39.73 0.938 
0.39 0.0127 39.71 0.932 
0.37 0.0120 39.25 0.906 
0.33 0.0125 39.17 0.897 

mn 

0.010 
0.018 
0.018 
0.018 
0.018 
0.018 
0.618 
0.018 
0.018 
0.018 
O.OlB 
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StANtON MMBM OATA 

STANTON NUMBFR OATA 

“‘25CO Lb% P-O.4 TH-1 P/0=5 h/VCFIOPtfMUMt*** 

LIhEbR SIJPEPPOSITICN IS APPLIEC 10 STANTON NUMBER DATA FROM 
nun wreFp5 070677 LND OlChTl TO OBTAIN STINTON MJMBER DATA AT 

ClAlE REXCOL RE DE12 ST1 TH~OI F EXHOT 

: 
3 
4 
5 
b 
7 
0 

12 
II 

5 13 12 

14 
1s 
16 
I7 
Id 
15 
ZC 
21 

f : 
i4 
25 
;6 
27 
ic 
i5 
?C 
31 
32 
33 
34 
35 
35 

1145etC.O 97.1 0.003372 1145424.0 
lZCl3~4.0 210.5 O.COZBBI 12OOBlY.O 
125eo2:.c 43k.O 0.003012 1256335.0 
1312i5~.0 6OC.3 O.CO29Bl 1311190.0 
1367714.C 762.1 C.OC2874 1367245.0 
1423iSt.O 919.2 0.002768 1422700.0 
141e121.c 107G.b 0.002694 147u155.0 
l:?Ci’4.C 1217.8 0.3026 10 1533610.0 
i5estec.o 1358.7 C.CO2471 lSR9065.0 
!645157.0 1494.6 O.CO2428 16445L0.0 
17CCL33.0 1628.8 0.cn2410 1699975.0 
l?!sllc.o 1762.0 0.002393 i755430.0 
179921i.O 1et3.0 C.C~2479 1191576.0 
lF2bt42.0 1931.7 C.CO227I 1826136.0 
lE?54i?.O 1997.1 O.CO23C2 1654695.0 
iea4122.0 2059.6 0.0020bl 1A31393.0 
1$12E?l.C 2119.1 0.002092 1912C9l.G 
15CI451.J 2178.6 C.CCZOtC 19r10650.0 
15eslIz.O 2235.5 C.COl944 I5OYLIO.O 
19se542.0 2292.5 o.ic2011 1991769.0 
2Cilll!.G 2349.1 o.c31551 2026329. c 
205:t8?.0 24C5. I 0.901563 2354bba.o 
2094254.‘) 2462.4 O.CC.2341 29a3ii 1.0 
2112~Ci.C 2519.4 0.001943 2IlLlCS.O 
214167i.0 251b.C c.302014 2140843.0 
2llCi42.0 2632.1 o.cc1913 2169dOt.O 
21see12.0 2bOP.3 0.01)2’)12 2197962.0 
2221303.0 2746.1 C.C32Cll 2226521.0 
22:5!54.0 2EOC.S 0.0019t4 2255COI.O 
22E4f24.C 2ti60.9 O.CCl9!6 228>640.0 
23 13C94.C 2918.C 0.002319 z112200.0 
2341~03.0 2915.0 O.O')136L 234dB97.0 
237C:li.C 3031.4 o.co19e3 236'1595.0 
L3SccP3.0 3088.3 0.001394 2398155.C 
2427C5?.0 3145.3 C.CC199G 2426714.0 
245o224.0 3201.2 C.CiJI920 2455273.0 

AL DEL2 STIlH=l) ETA STCR 

97.0 o.co3302 uuuuu 1.000 
260.7 0.C02600 0.098 a.903 

lCBS.9 0.002204 0.268 0.911 
IBtl2.3 o.coleol 0.395 1.001 
2658.0 O.CO1529 C.460 1.009 
3413.2 O.C0!317 0.524 0.989 
4148.0 0.c01150 0.573 1.005 
4'9ca.3 0.001072 0.589 c.9sc 
5349.1 0.000994 0.598 0.973 
6JbY.2 O.OOOBdB 0.634 0.976 
7139.4 o.cooLll5 0.662 0.978 
704d.O 0.00OblJl 0.715 0.962 
0561.3 O.OOC693 0.720 1.185 
8587.2 0.0001CI 0.691 1.102 
8607.8 O.CO3142 0.678 1.093 
Bbi?.O o.coc739 0.642 l.G2? 
6651.0 0.00@003 0.616 1.023 
8674.2 0.030816 0.605 !.011 
8651.b o.oocu2o 0.578 c.950 
e122.2 0.~0~~03 0.551 0.983 
0747.6 O.COC872 0.553 C.980 
811j.6 O.OOt'J46 0.518 0.982 
8801.8 o.cc1023 0.499 0.985 
8830.5 O.OOEYO8 0.491 C.5@B 
Bt159.5 O.CO1043 0.482 0.995 
8889.2 0.0')1031 c.451 0.909 
e419.8 o.ooiii3 0.c47 1.LC3 
8953.0 O.CClZOC 0.420 1.019 
e586.6 0.001145 0.417 1.027 
9019.6 0.0011b9 0.409 1.022 
9053.7 O.CO1215 c.399 1.023 
90E8.2 O.COI.?OI 0.388 1.031 
9123.1 0.00123e 0.376 1.038 
9158.6 0.001246 0.315 l.C40 
9195.2 O.CO1316 0.339 1.021 
9210.5 0.c01149 0.401 1.091 

TWO AN0 TM-1 

STINTGN NW@ER RATIC BASE0 ON EXWRIsENTAL FLAT PLATE VALUE AT SAME X LOCAflON 

F-COt SWR .FMO? 

0.0000 
0.0146 
0.0144 
0.0146 
0.0134 
0.0140 
0.0140 
0.0146 
0.0142 
0.0145 
0.0135 
0.0139 

I. 000 
0.015 
0.71s 
0.601 
0.537 
0.471 
0.429 
0.408 
0.392 
0.357 
0.311 
0.274 
0.331 
0.340 
0.353 
0.367 
0.392 
0.400 
0.421 
0.441 
0.438 
0.474 
0.494 
0.503 
0.515 
0.533 
0.555 
0.590 
0.599 
0.605 
0.615 
0.631 
0.648 
0.655 
0.615 
0.653 

0.0000 
o.al25 
0.0124 
0.0123 
0.0122 
0.0120 
0.0126 
0.0123 
0.0124 
0.0127 
0.0120 
D.0125 

LOG6 

1 .ooo 
2.225 
2.122 
2.012 
1.949 
I.651 
1.893 
I .859 
1.677 
1.071 
1.170 
l.b93 

:TlHTFh hUP@ER PATIO FnR TH-1 IS COHVERTEO TO COMPARA0CE TRANSPfRATlON YALUE 
LSIhC bLCC(l + Bl/B EXPPESSICN IN THE BLOWN SECTION 



References 

1. Esgar, J. B., Colladay, R. S., and Kaufman, A., "An Analysis of the 
Capabilities and Limitations of Turbine Air-Cooling Methods," NASA 
TND-5992, Sept. 1970. 

2. Moffat, R. J., and Kays, W. M., "The Turbulent Boundary Layer on a 
Porous Plate: Experimenta 1 Heat Transfer with Uniform Blowing and 
Suction," Report NO. HMT-1, Thermosciences Div., Dept. of Mech. Engrg., 
Stanford Univ., 1967. 

3. Simpson, R. L., Kays, W. M., and Moffat, R. J., "The Turbulent Bound- 
ary Layer on a Porous Plate: An Experimental Study of the Fluid Dynam- 
ics with Injection and Suction," Report NC. HMT-2, Thermosciences Div., 
Dept. of Mech. Engrg., Stanford Univ., 1967. 

4. Whitten, D. G., Kays, W. M., and Moffat, R. J., "The Turbulent Bound- 
ary Layer on a Porous Plate: Experimental Heat Transfer with Variable 
Suction, Blowing and Surface Temperature," Report No. HMT-3, Thermosci- 
ences Div., Dept. of Mech. Engrg., Stanford Univ., 1967. 

5. Julien, H. L., Kays, W. M., and Moffat, R. J., "The Turbulent Boundary 
Layer on a Porous Plate: Experimental Study of the Effects of a Favor- 
able Pressure Gradient," Report No. HMT-4, Thermosciences Div., Dept. 
of Mech. Engrg., Stanford Univ., 1969. 

6. Thielbahr, W. H., Rays, W. M., and Moffat, R. J., "The Turbulent Bound- 
ary Layer: Experimental Heat Transfer with Blowing, Suction, and Favor- 
able Pressure Gradient," Report No. PMT-5, Thermosciences Div., Dept, 
of Mech. Engrg., Stanford Univ., 1969. 

7. Kearney, D. W., Moffat, R. J., and Kays, W. M., llThe Turbulent Boundary 
Layer: Experimental Heat Transfer with Strong Favorable Pressure Gradi- 
ents and Blowing," Report No. HMT-12, Thermosciences Div., Dept. of 
Mech. Engrg., Stanford Univ., 1970. 

8. Loyd, R. J., Moffat, R. J., and Kays, W. M., "The Turbulent Boundary 
Layer on a Porous Plate: An Experimental Study of the Fluid Dynamics 
with Strong Favorable Pressure Gradients and Blowing," Report No. HMT-13, 
Thermosciences Div., Dept. of Mech. Engrg., Stanford Univ., 1970. 

9. Andersen, P. S., Kays, W. M., and Moffat, R. J., "The Turbulent Bound- 
ary Layer on a Porous Plate: An Experimental Study of the Fluid Mechan- 
ics for Adverse Free-Stream Pressure Gradients," Report No. HMT-15, 
Thermosciences Div., Dept. of Mech. Engrg., Stanford Univ., 1972. 

10. Goldstein, R. J., "Film Cooling," Advances in Heat Transfer, 7:321-379, - 
1971. 



11. Choe, M., Kays, W. J., and Moffat., R. J., "Turbulent Boundary Layer 
on a Full-coverage, Film-cooled Surface -- An Experimental Heat Trans- 
fer Study with Normal Injection," NASA Rep. CR-2642, 1976 (Also Stan- 
ford Univ., Dept. of Mech. Engrg., Report HMT-22). 

12. Crawford, M. E., Kays, W. M., and Moffat, R. .I., "Heat Transfer to a 
Full-coverage, Film-cooled Surface with 30" Slant-hole Injection," 
NASA Rep. CR-2786, 1976. (Also Stanford Univ., Dept. of Mech. Engrg. 
Report HMT-25). 

13. Wieghardt, K., "Hot-Air Discharge for De-icing," AAF Translation, Re- 
port No. F-TS-919-Re, Wright Field, 1946. 

14. Le Brocq, P. V., Launder, B. E., and Pridden, C. H., "Discrete Hole 
Injection as a Means of Transpiration Cooling -- An Experimental Study," 
1~. Coll. Rep. HTS/71/37, 1971. 

15. Metzger, D. E., Takeuchi, D. I., and Kuenstler, P. A., "Effectiveness 
and Heat Transfer with Full-coverage Film Cooling," J. Eng. Power, 
95:180-184, 1973. - 

16. Mayle, R. E., and Camarata, F. J., "Multihole Cooling Film Effective- 
ness and Heat Transfer," J. Heat Transfer, 97: 534-538, 1975. - 

17. Metzger, D. E., and Fletcher, D. D., "Surface Heat Transfer Immediately 
Downstream of Flush, Non-tangential Injection Holes and Slots," AIAA, 
5th Propulsion Joint Specialist Conference, USAF Academy, Colorado 
Springs, Colo, June, 1969, Paper 69-523. 

18. Eriksen, V. L., "Film Cooling Effectiveness and Heat Transfer with In- 
jection through Holes," NASA CR-72991, Aug. 1971. 

19. Launder, B. E., and York, J., "Discrete Hole Cooling in the Presence 
of Free Stream Turbulence and Strong Favorable Pressure Gradient," 
HTS/73/9, Dept. of Mech. Engrg., Imperial College of Science and Tech- 
nology, Jan. 1973. 

20. Burggraf, F., and Huffmeier, R. W., "Film Effectiveness and Heat Trans- 
fer Coefficients for Injection from One and Two Rows of Holes at 35" 
to the Surface," AEGTechnical Information Series Report No. R70AEG351, 
General Electric Co., Lynn, Mass., Cincinnati, Ohio, August, 1970. 

21. Nina, M. N. R., and Whitelaw, J. H., "The Effectiveness of Film Cool- 
ing with Three-Dimensional Slot Geometry," Gas Turbine Conference and 
Products Show, Houston, Texas, March 1971, ASME Paper No. 71-GT-11. 

22. Ramsey, J. W., and Goldstein, R. J., "Interaction of a Heated Jet with 
a Deflecting Stream," NASA CR-72613, April 1970. 

23. Metzger, D. E., Takeuchi, D. I., and Kuenstler, P. A., "Effectiveness 
and Heat Transfer with Full-Coverage Film Cooling," Trans. of ASME, 
J. Eng. Power, July 1973, pp. 180-184. 

149 



24. Goldstein, R. J., et al., "Film Cooling Following Injection through 
Inclined Circular Tubes," NASA CR-73612, 1969. 

25. Eriksen, V. L., Eckert, E. R. G., and Goldstein, R. J., "A Model for 
Analysis of the Temperature Field Downstream of a Heated Jet Injected 
into an Isothermal Crossflow at an Angle of go"," NASA CR-72990, 1971. 

26. Pai, B. R., and Whitelaw, J. H., "The Prediction of Wall Temperature 
in the Presence of Film Cooling," Int. J. Heat Mass Transfer 14:409-426, - 
1971. 

27. Patankar, S. V., Rastogi, A. K., and Whitelaw, J. H., "The Effective- 
ness of Three-dimensionai Film-cooling Slots -- II. Predictions," 
Int. J. Heat Mass Transfer 16: 1673-1681, 1973. - 

28. Kline, S. J.,, and McClintock, F. A., "Describing Uncertainties in 
Single-Sample Expeirments," Mech. Engrg. 75:3-8, 1953. - 

29. Moffat, R. J., "Gas Temperature Measurement," Temperature -- Its Mea- 
surement and Control in Science and Industry. New York: Reinhold, 
3:553-571, 1962. 

30. Pimenta, M. M., Moffat, R. J., and Kays, W. M., "The Turbulent Boundary 
Layer: An Experimental Study of the Transport of Momentum and Heat with 
the Effect of Roughness," Report HMT-21, Thermosciences Div., Dept. of 
Mech. Engrg., Stanford Univ., 1975. 

31. Colladay, R. S., "Importance of Combining Convection with Film Cooling," 
NASA TMX-67962, 1972. 

32. Personal communication with M. E. Crawford, who did his Ph.D. thesis in 
"Heat Transfer to a Full-Coverage, Film-Cooled Surface with 30" Slant- 
Hole Injection," 1977. 

32. Discussion with R. J. Moffat about "thermocouple probe." 

150 



C 

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No. 

NASA CR-3103 
4. Title and Subtitle HEAT TRANSFER TO A FULL-COVERAGE, 5. Report Date 

FILM-COOLED SURFACE WITH COMPOUND-ANGLE (30’ AND 
February 1979 

45’) HOLE INJECTION 
6. Performing Organization Code 

7. Author(s) 

H. K. Kim, R. J. Moffat, and W. M. Kays 

9. Performing Organization Name and Address 

Stanford University 
Stanford, California 94305 

1 2. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

8. Performing Organization Report No. 

HMT- 28 
10. Work Unit No. 

11. Contract or Grant No. 

NAS3-14336 
13. Type of’ Report and Period Covered 

Contractor Report 
14. Sponsoring Agency Code 

1 5. Supplementary Notes 

Final report. Project Manager, Raymond E. Gaugler, Fluid System Components Division, 
NASA Lewis Research Center, Cleveland, Ohio 44135. 

1 6. Abstract 
An experimental study of heat transfer was conducted on a turbulent boundary layer with full- 
coverage film cooling through an array of holes inclined at 30’ to the surface and 45’ to the flow 
direction (compound-angle injection). Heat transfer coefficients, based on (twall - tstream), 
were measured over a range of injectant flows (M = 0 to M = 1.5) and Reynolds numbers 
(1. 6X105 5 Rex I 2. 5X106) at velocities between 9.8 and 16.8 m/s. Data are presented for in- 
jectant temperature equal to the wall temperature and injectant temperature equal to the stream 
temperature. Superposition can be used to predict the Stanton number for any intermediate tem- 
perature. Compound-angle injection gives better thermal protection than in-line, slant-hole in- 
jection, but the beneficial effect is minimal in the first six rows of holes. For a value of 
M = 0.3’7 the heat transfer coefficient with compound-angle injection was the same as for the 
slant-angle injection after six rows, but was only one-half the slant-hole value after 11 rows. 
The data for compound-angle injection show the same general features as for slant-angle and 
normal injection. Within the blown region, Stanton number decreases rapidly, with the minimum 
at the last row of holes. Recovery is rapid after the last row of holes, with the heat transfer 
returning to a conventional smooth-plant correlation.. The data for M = 0.4 show the lowest 
values of Stanton number. Pitch-to-diameter ratio of 10 provides less thermal,protection than 
5, for the same value of M. 
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